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ɁȾɊɍɀȿɇɂȿ ɇȺ ɊɍȾȺɊɋɄɂɌȿ ɂ ȽȿɈɅɈɒɄɂɌȿ 








ɍɇɂȼȿɊɁɂɌȿɌ “ȽɈɐȿ ȾȿɅɑȿȼ” - ɒɌɂɉ 
ɎȺɄɍɅɌȿɌ ɁȺ ɉɊɂɊɈȾɇɂ ɂ ɌȿɏɇɂɑɄɂ ɇȺɍɄɂ 






ɉɪɨɮ. ɞ-ɪ Ɂɨɪɚɧ Ⱦɟɫɩɨɞɨɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ɂɨɪɚɧ ɉɚɧɨɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ⱦɟʁɚɧ Ɇɢɪɚɤɨɜɫɤɢ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ɍɨɞɨɪ Ⱦɟɥɢɩɟɬɪɨɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ȼɥɚɝɨʁ Ƚɨɥɨɦɟɨɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ɉɪɰɟ ɋɩɚɫɨɜɫɤɢ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢʁɚ; 
Ⱦɨɰ. ɞ-ɪ ɋɬɨʁɚɧɱɟ Ɇɢʁɚɥɤɨɜɫɤɢ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ɋɥɨɛɨɞɚɧ ȼɭʁɢќ, Ɋɭɞɚɪɫɤɢ ɂɧɫɬɢɬɭɬ, Ȼɟɥɝɪɚɞ, Ɋ. ɋɪɛɢʁɚ. 
ɉɪɨɮ. ɞ-ɪ Ɇɢɥɨɪɚɞ ȳɨɜɚɧɨɜɫɤɢ, ɍɄɂɆ, Ƚɪɚɞɟɠɟɧ ɮɚɤɭɥɬɟɬ, ɋɤɨɩʁɟ, Ɋ. 
Ɇɚɤɟɞɨɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ȼɢɬɨɦɢɪ Ɇɢɥɢќ, Ɍɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ ɜɨ Ȼɨɪ, Ɋ. ɋɪɛɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ɋɚɞɨʁɟ ɉɚɧɬɨɜɢќ, Ɍɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ ɜɨ Ȼɨɪ, Ɋ. ɋɪɛɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ɂɜɢɰɚ Ɋɢɫɬɨɜɢќ, ɊȽɎ, Ȼɟɥɝɪɚɞ, Ɋ. ɋɪɛɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ɋɚɞɟ Ɍɨɤɚɥɢќ, ɊȽɎ, Ȼɟɥɝɪɚɞ, Ɋ. ɋɪɛɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ȼɨʁɢɧ ɑɨɤɨɪɢɥɨ, ɊȽɎ, Ȼɟɥɝɪɚɞ, Ɋ. ɋɪɛɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ȼɥɚɞɢɦɢɪ ɉɚɜɥɨɜɢќ, ɊȽɎ, Ȼɟɥɝɪɚɞ, Ɋ. ɋɪɛɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ȼɨɠɨ Ʉɨɥɨʃɚ, ɊȽɎ, Ȼɟɥɝɪɚɞ, Ɋ. ɋɪɛɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ȳɨɠɟ Ʉɨɪɬɧɢɤ, Ɏɚɤɭɥɬɟɬ ɡɚ ɩɪɢɪɨɞɧɢ ɧɚɭɤɢ ɢ ɢɧɠɟɧɟɪɫɬɜɨ, 
ȴɭɛʂɚɧɚ, ɋɥɨɜɟɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ȳɚɤɨɛ Ʌɢɤɚɪ, Ɏɚɤɭɥɬɟɬ ɡɚ ɩɪɢɪɨɞɧɢ ɧɚɭɤɢ ɢ ɢɧɠɟɧɟɪɫɬɜɨ, ȴɭɛʂɚɧɚ, 
ɋɥɨɜɟɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ȼɟɪɨɫɥɚɜ Ɇɨɥɧɚɪ, ȻȿɊȽ Ɏɚɤɭɥɬɟɬ, Ɍɟɯɧɢɱɤɢ ɍɧɢɜɟɪɡɢɬɟɬ ɜɨ 
Ʉɨɲɢɰɟ, Ɋ. ɋɥɨɜɚɱɤɚ; 
ɉɪɨɮ. ɞ-ɪ ɉɟɬɚɪ Ⱥɬɚɧɚɫɨɜ, Ɇɢɧɨ-ɝɟɨɥɨɲɤɢ ɍɧɢɜɟɪɡɢɬɟɬ, ɋɨɮɢʁɚ, Ɋ. Ȼɭɝɚɪɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ȼɟɧɰɢɫɥɚɜ ɂɜɚɧɨɜ, Ɇɢɧɨ-ɝɟɨɥɨɲɤɢ ɍɧɢɜɟɪɡɢɬɟɬ, ɋɨɮɢʁɚ, Ɋ. 
Ȼɭɝɚɪɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ɉɟɬɚɪ Ⱦɚɫɤɚɥɨɜ, ɇɚɭɱɧɨ – ɬɟɯɧɢɱɤɢ ɫɨʁɭɡ ɡɚ ɪɭɞɚɪɫɬɜɨ, ɝɟɨɥɨɝɢʁɚ ɢ 
ɦɟɬɚɥɭɪɝɢʁɚ, ɋɨɮɢʁɚ, Ɋ. Ȼɭɝɚɪɢʁɚ; 
ɞ-ɪ Ʉɪɟɦɟɧɚ Ⱦɟɞɟʂɚɧɨɜɚ, ɇɚɭɱɧɨ – ɬɟɯɧɢɱɤɢ ɫɨʁɭɡ ɡɚ ɪɭɞɚɪɫɬɜɨ, ɝɟɨɥɨɝɢʁɚ ɢ 
ɦɟɬɚɥɭɪɝɢʁɚ, ɋɨɮɢʁɚ, Ɋ. Ȼɭɝɚɪɢʁɚ; 











Ⱦɨɰ. ɞ-ɪ ɋɬɨʁɚɧɱɟ Ɇɢʁɚɥɤɨɜɫɤɢ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ;  
Ⱦɪɚɝɚɧ Ⱦɢɦɢɬɪɨɜɫɤɢ, ȾɂɌɂ, ɋɤɨɩʁɟ; 
Ɇɢɬɤɨ Ʉɪɦɡɨɜ, ȿɭɪɨɦɚɤɫ Ɋɟɫɭɪɫɢɫ, ɋɬɪɭɦɢɰɚ. 
 
Ƚɟɧɟɪɚɥɟɧ ɫɟɤɪɟɬɚɪ:  
 
ɦ-ɪ Ƚɨɪɚɧ ɋɚɪɚɮɢɦɨɜ, ɁɊȽɂɆ, Ʉɚɜɚɞɚɪɰɢ. 
 
 
ɑɅȿɇɈȼɂ ɇȺ ɈɊȽȺɇɂɁȺɐɂɈɇɂɈɌ ɈȾȻɈɊ:  
 
Ɇɢɬɤɨ Ʉɪɦɡɨɜ, ȿɭɪɨɦɚɤɫ Ɋɟɫɭɪɫɢɫ, ɋɬɪɭɦɢɰɚ; 
Ɇɢɰɟ Ɍɪɤɚɥɟɫɤɢ, Ɇɟɪɦɟɪɟɧ ɤɨɦɛɢɧɚɬ, ɉɪɢɥɟɩ; 
Ɂɨɪɚɧ Ʉɨɫɬɨɫɤɢ, Ɇɪɚɦɨɪɛʁɚɧɤɨ, ɉɪɢɥɟɩ; 
ɒɟɪɢɮ Ⱥɥɢɭ, ɁɊȽɂɆ, Ʉɚɜɚɞɚɪɰɢ; 
Ɏɢɥɢɩ ɉɟɬɪɨɜɫɤɢ, Ɇɢɧɟɪɚɥ ɩɪɨɟɤɬ, Ɇ. Ʉɚɦɟɧɢɰɚ; 
Ⱦɪɚɝɚɧ Ⱦɢɦɢɬɪɨɜɫɤɢ, ȾɂɌɂ, ɋɤɨɩʁɟ; 
ɦ-ɪ Ⱦɪɚɝɢ ɉɟɥɬɟɱɤɢ, ȿɭɪɨɦɚɤɫ Ɋɟɫɭɪɫɢɫ, ɋɬɪɭɦɢɰɚ 
ɦ-ɪ ȴɭɩɱɟ ȿɮɧɭɲɟɜ, Ɇɢɧɢɫɬɟɪɫɬɜɨ ɡɚ ɟɤɨɧɨɦɢʁɚ, ɋɤɨɩʁɟ; 
ɦ-ɪ Ƚɨɪɚɧ ɋɚɪɚɮɢɦɨɜ, ɁɊȽɂɆ, Ʉɚɜɚɞɚɪɰɢ. 
ɦ-ɪ Ʉɢɪɱɨ Ɇɢɧɨɜ, Ɋɭɞɧɢɤ ɡɚ ɛɚɤɚɪ “Ȼɭɱɢɦ”, Ɋɚɞɨɜɢɲ; 
ɦ-ɪ Ɂɨɪɚɧ Ȼɨɝɞɚɧɨɜɫɤɢ, ȺȾ ȿɅȿɆ, ɊȿɄ Ȼɢɬɨɥɚ, ɉȿ Ɋɭɞɧɢɰɢ, Ȼɢɬɨɥɚ; 
ɦ-ɪ Ȼɨɪɱɟ Ƚɨɰɟɜɫɤɢ, Ɋɭɞɧɢɤ “ɋȺɋȺ”, Ɇ. Ʉɚɦɟɧɢɰɚ; 
ɦ-ɪ Ȼɥɚɝɨʁɚ Ƚɟɨɪɝɢɟɜɫɤɢ, ȺȾ ȿɅȿɆ, ɊȿɄ Ȼɢɬɨɥɚ, ɉȿ Ɋɭɞɧɢɰɢ, Ȼɢɬɨɥɚ; 
ɦ-ɪ ɋɚɲɨ ȳɨɜɱɟɜɫɤɢ, ɁɊȽɂɆ, Ʉɚɜɚɞɚɪɰɢ; 
ɦ-ɪ Ƚɨɪɚɧ ɋɬɨʁɤɨɫɤɢ, Ɋɭɞɧɢɤ “Ȼɟɥɚ ɉɨɥɚ”, ɉɪɢɥɟɩ; 
ɦ-ɪ Ʉɨɫɬɚɞɢɧ ȳɨɜɚɧɨɜ, ɁɊȽɂɆ, Ʉɚɜɚɞɚɪɰɢ; 
ɦ-ɪ Ɍɪɚʁɱɟ Ȼɨɲɟɜɫɤɢ, Ɋɭɞɩɪɨɟɤɬ, ɋɤɨɩʁɟ; 
ɇɟɧɚɞ Ʌɚɡɚɪɨɜɫɤɢ, ȾɍɇȺ ɋɤɨɩʁɟ; 
ɑɟɞɨ Ɋɢɫɬɨɜɫɤɢ, Ɋɭɞɧɢɤ “ɋȺɋȺ”, Ɇ. Ʉɚɦɟɧɢɰɚ; 
Ⱥɧɬɨɧɢɨ Ⱥɧɬɟɜɫɤɢ, “Ȼɭɥɦɚɤ” - Ɋɭɞɧɢɤ “Ɍɨɪɚɧɢɰɚ”, Ʉ. ɉɚɥɚɧɤɚ; 
Ⱦɚɪɤɨ ɇɚɱɤɨɜɫɤɢ, “Ȼɭɥɦɚɤ” - Ɋɭɞɧɢɤ “Ɂɥɟɬɨɜɨ”, ɉɪɨɛɢɲɬɢɩ; 
Ⱦɢɦɢɬɚɪ ɋɬɟɮɚɧɨɜɫɤɢ, “Ȼɭɥɦɚɤ” - Ɋɭɞɧɢɤ “Ɂɥɟɬɨɜɨ”, ɉɪɨɛɢɲɬɢɩ; 
Ⱦɪɚɝɚɧ ɇɚɫɟɜɫɤɢ, ȽɂɆ, ɋɤɨɩʁɟ; 
Ʌɚɡɟ Ⱥɬɚɧɚɫɨɜ, ȾɂɌɂ, ɋɤɨɩʁɟ; 
Ɇɢɥɟ ɋɬɟɮɚɧɨɜ, Ɋɭɞɧɢɤ “Ȼɚʃɚɧɢ”, ɋɤɨɩʁɟ; 
ɀɢɜɤɨ Ʉɚɥɟɜɫɤɢ, Ɋɭɞɧɢɤ “Ɉɫɥɨɦɟʁ”, Ʉɢɱɟɜɨ; 
Ɇɚɪɢʁɚ ɉɟɬɪɨɜɫɤɚ, ɋɬɨɩɚɧɫɤɚ Ʉɨɦɨɪɚ, ɋɤɨɩʁɟ; 
ȴɭɩɱɨ Ɍɪɚʁɤɨɜɫɤɢ, ɁɊȽɂɆ, Ʉɚɜɚɞɚɪɰɢ; 
ȿɦɢɥ ȳɨɪɞɚɧɨɜ, ȽȾ “Ƚɪɚɧɢɬ” ȺȾ, ɋɤɨɩʁɟ; 
ɉɟɩɢ Ɇɢɰɟɜ, “ȼɟ ɝɪɭɩɚ”, Ɋɚɞɨɜɢɲ; 
Ɉɪɯɚɧ Ɋɚɦɚɞɚɧɨɜɫɤɢ, “Ʉɧɚɭɮ”, Ⱦɟɛɚɪ; 
ɉɪɨɮ. ɞ-ɪ Ɂɨɪɚɧ Ⱦɟɫɩɨɞɨɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
ɉɪɨɮ. ɞ-ɪ Ɂɨɪɚɧ ɉɚɧɨɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
ɉɪɨɮ. ɞ-ɪ Ⱦɟʁɚɧ Ɇɢɪɚɤɨɜɫɤɢ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
ɉɪɨɮ. ɞ-ɪ Ȼɨɪɢɫ Ʉɪɫɬɟɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
ɉɪɨɮ. ɞ-ɪ Ɇɢɪʁɚɧɚ Ƚɨɥɨɦɟɨɜɚ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
ɉɪɨɮ. ɞ-ɪ Ɋɢɫɬɨ Ⱦɚɦɛɨɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
ɉɪɨɮ. ɞ-ɪ ɇɢɤɨɥɢɧɤɚ Ⱦɨɧɟɜɚ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
Ⱦɨɰ. ɞ-ɪ ɋɬɨʁɚɧɱɟ Ɇɢʁɚɥɤɨɜɫɤɢ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
Ⱦɨɰ. ɞ-ɪ Ɋɢɫɬɨ ɉɨɩɨɜɫɤɢ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
Ⱦɨɰ. ɞ-ɪ Ɇɚɪɢʁɚ ɏɚџɢ-ɇɢɤɨɥɨɜɚ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
Ⱦɨɰ. ɞ-ɪ Ⱥɮɪɨɞɢɬɚ Ɂɟɧɞɟɥɫɤɚ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
Ⱦɨɰ. ɞ-ɪ Ɋɚɞɦɢɥɚ Ʉɚɪɚɧɚɤɨɜɚ ɋɬɟɮɚɧɨɜɫɤɚ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 


































X ɋɌɊɍɑɇɈ ɋɈȼȿɌɍȼȺȵȿ ɇȺ ɌȿɆȺ:  
“ɌȿɏɇɈɅɈȽɂȳȺ ɇȺ ɉɈȾɁȿɆɇȺ ɂ ɉɈȼɊɒɂɇɋɄȺ ȿɄɋɉɅɈȺɌȺɐɂȳȺ  
ɇȺ ɆɂɇȿɊȺɅɇɂ ɋɍɊɈȼɂɇɂ” 














ɁȾɊɍɀȿɇɂȿ ɇȺ ɊɍȾȺɊɋɄɂɌȿ ɂ ȽȿɈɅɈɒɄɂɌȿ ɂɇɀȿɇȿɊɂ 









ɍɇɂȼȿɊɁɂɌȿɌ “ȽɈɐȿ ȾȿɅɑȿȼ” – ɒɌɂɉ 
ɎȺɄɍɅɌȿɌ ɁȺ ɉɊɂɊɈȾɇɂ ɂ ɌȿɏɇɂɑɄɂ ɇȺɍɄɂ 









   
 











ɁȺɒɌɂɌȺ ɇȺ ɀɂȼɈɌɇȺ ɂ ɊȺȻɈɌɇȺ ɋɊȿȾɂɇȺ  
  
ɆɈɇɂɌɈɊɂɇȽ ɇȺ ɉɊȺɒɂɇȺ ȼɈ ɊɍȾȺɊɋɄȺɌȺ ɂɇȾɍɋɌɊɂȳȺ, ɁɈɒɌɈ ɂ 
ɄȺɄɈ? * Ⱦɟјɚɧ Ɇɢɪɚɤɨɜɫɤɢ, ɇɢɤɨɥɚјɱɨ ɇɢɤɨɥɨɜ, Ȼɨɪɱɟ Ƚɨɰɟɜɫɤɢ, Ɇɚɪɢјɚ ɏɚџɢ-





ɋɅȿȾȿȵȿ ɇȺ ɄȼȺɅɂɌȿɌɈɌ ɇȺ ȼɈɁȾɍɏɈɌ ȼɈ ɈɄɈɅɂɇȺɌȺ ɇȺ 
ɉɊȿȾɅɈɀȿɇɂɈɌ ɉɈȼɊɒɂɇɋɄɂ ɄɈɉ „ɂɅɈȼɂɐȺ-ɒɌɍɄȺ“ * Ⱦɪɚɝɢ 
ɉɟɥɬɟɱɤɢ, ȼɟɪɚ Ѓɨɪɝɢɟɜɚ, Ɍɟɨɞɨɪɚ ɋɬɨјɚɧɨɜɚ, ȴɭɛɢɰɚ ɉɚɧɨɜɚ, ɇɢɤɨɥɚ 











ɆȿɌɈȾɂ ɁȺ ɈɌɋɌɊȺɇɍȼȺȵȿ ɇȺ ɐɂȳȺɇɂȾɂ ɈȾ ɊɍȾɇɂɑɄɂ ȼɈȾɂ * 




ɂɇɌȿɇɁɂɌȿɌ ɇȺ ȼɊɇȿɀɂɌȿ ɂ ȺɇȺɅɂɁȺ ɇȺ ȽɈɅȿɆɂ ȼɈȾɈɌȿɐɂ ȼɈ 




ɇȿɍɌɊȺɅɂɁȺɐɂȳȺ ɇȺ ɉɈȼɊɒɂɇȺɌȺ ɇȺ ȾȿɉɈɇɂȳȺɌȺ ɁȺ Ʌɍɀȿȵȿ  ȼɈ 
ɄɈɆɉɅȿɄɋɈɌ ɁȺ ɉɊɈɂɁȼɈȾɋɌȼɈ ɇȺ ɄȺɌɈȾȿɇ ȻȺɄȺɊ „ɄȺɁȺɇȾɈɅ“ – 





ɉɅȺɇ ɁȺ ȼɈɇɊȿȾɇɂ ɋɈɋɌɈȳȻɂ – ɋɍɒɌɂɇɋɄɂ ȾȿɅ ɈȾ ɋɂɋɌȿɆɈɌ ɁȺ 
ɍɉɊȺȼɍȼȺȵȿ ɋɈ ȻȿɁȻȿȾɇɈɋɌȺ ɉɊɂ ɊȺȻɈɌȺ * Ɇɚɪɢјɚ ɏɚџɢ-ɇɢɤɨɥɨɜɚ, 





ȻȿɁȻȿȾɇȺ ɊAȻOTA ȼɈ ɁȺɌȼɈɊȿɇɂ (ɈȽɊȺɇɂɑȿɇɂ) ɉɊɈɋɌɈɊɂ * ɋɬɚɧɤɟ 




ɋɂɋɌȿɆ ɁȺ ɂɇɋɌȺɅɂɊȺȵȿ ɂ ȺɉɅɂɄȺɐɂȳȺ ɇȺ “QR ɄɈȾ” ȼɈ 
ɊɍȾȺɊɋɄȺɌȺ ɂɇȾɍɋɌɊɂȳȺ * ȼɚɧɱɨ Ⱥџɢɫɤɢ, Ⱦɚɥɢɛɨɪ ɋɟɪɚɮɢɦɨɜɫɤɢ, Ɂɨɪɚɧ 





ɆȿɊɄɂ ɁȺ ȻȿɁȻȿȾɇɈɋɌ ɉɊɂ ɊȺȻɈɌȺ ɁȺ ɊȺɄɍȼȺɑɂɌȿ ɇȺ ɊɍȾȺɊɋɄɂ 








X ɋɌɊɍɑɇɈ ɋɈȼȿɌɍȼȺȵȿ ɇȺ ɌȿɆȺ: 
Ɍɟɯɧɨɥɨɝɢʁɚ ɧɚ ɩɨɞɡɟɦɧɚ ɢ ɩɨɜɪɲɢɧɫɤɚ ɟɤɫɩɥɨɚɬɚɰɢʁɚ  
ɧɚ ɦɢɧɟɪɚɥɧɢ ɫɭɪɨɜɢɧɢ 
ɉɈȾȿɄɋ – ɉɈȼȿɄɋ ’17 
Ɉɯɪɢɞ 
03 ÷ 05. 11. 2017 ɝɨɞ. 
  
ɋɈȼɊȿɆȿɇȺ ɊɍȾȺɊɋɄȺ ɉɊȺɄɌɂɄȺ  
  
ɂɋɐɊɌɍȼȺȵȿ ɇȺ ɂɁɈɏɂɉɋɂ ɁȺ ɉɈɌɊȿȻɂ ȼɈ ɊɍȾȺɊɋɌȼɈɌɈ ɂ 
ȽȿɈɅɈȽɂȳȺɌȺ * ɋɬɨјɚɧɱɟ Ɇɢјɚɥɤɨɜɫɤɢ, Ɂɨɪɚɧ Ⱦɟɫɩɨɞɨɜ, Ⱦɟјɚɧ Ɇɢɪɚɤɨɜɫɤɢ, 





ȼɅɂȳȺɇɂȿ  ɇȺ  ɊȿɀɂɆɈɌ ɇȺ  Ⱦɍɉɑȿȵȿ  ɇȺ  ɈɒɌȿɌɍȼȺȵȺTA   ɄȺȳ 






PRODUCTIVITY ANALYSIS OF THE COMBINED TECHNOLOGY FOR 
QUARRYING UTILIZING CHAIN CUTTERS AND DIAMOND WIRE SAWS * Ivaylo 





ɉɊȺɄɌɂɑɇȺ ɉɊɂɆȿɇȺ ɇȺ ɇȿȿɄɋɉɅɈɁɂȼɇɂ ɋɆȿɋɂ ɁȺ ɐȿɉȿȵȿ ɂ 
ȾɈȻɂȼȺȵȿ ɇȺ ɄɈɆȿɊɐɂȳȺɅɇɂ ɆȿɊɆȿɊɇɂ ȻɅɈɄɈȼɂ * Ɋɢɫɬɨ Ⱦɚɦɛɨɜ, 





ɍɉɈɌɊȿȻȺ ɇȺ ɋɈɎɌȼȿɊɂ ɂ ɆȿɊɇɂ ɂɇɋɌɊɍɆȿɇɌɂ ɋɈ ɐȿɅ ɁȺ 
ɉɈȿɎɂɄȺɋɇɂ ɂ ɉɈȻȿɁȻȿȾɇɂ ɆɂɇɂɊȺȵȺ ȼɈ ɉɈȼɊɒɂɇɋɄȺɌȺ 





ȺɇȺɅɂɁȺ ɇȺ ɊȿɁɍɅɌȺɌɂɌȿ ɈȾ ɂɁɊȺȻɈɌɄȺ ɇȺ ɏɈȾɇɂɄ ȼɈ ɒɄɊɂɅȿɐ ɋɈ 
ɉɊɂɆȿɇȺ ɇȺ Ⱦȼȿ ɌȿɏɇɈɅɈȽɂɂ ȼɈ ɊɍȾɇɂɄ „ɋȺɋA“ * ɇɢɤɨɥɢɧɤɚ Ⱦɨɧɟɜɚ, 







ɌȿɇȾȿɇɐɂȳȺ ɁȺ ɉɊɂɆȿɇȺ ɇȺ ɋɈȼɊȿɆȿɇȺ ɌɈȼȺɊɇɈ-ɌɊȺɇɋɉɈɊɌɇȺ 






ɄɅȺɋɂɎɂɄȺɐɂȳȺ ɇȺ ɉȿɉȿɅɌȺ ɈȾ ɌȿɊɆɈɐȿɇɌɊȺɅȺɌȺ ɊȿɄ ȻɂɌɈɅȺ ȼɈ  
ɆȺɄȿȾɈɇɂȳȺ ɂ ɆɈɀɇɈɋɌɂ ɁȺ ɇȿȳɁɂɇȺ ɍɉɈɌɊȿȻȺ * Ɍɟɧɚ Шɢјɚɤɨɜɚ-





ɌȿɏɇɈ-ȿɄɈɇɈɆɋɄɂ ɂ ȿɄɈɅɈɒɄɂ ɉɊȿȾɇɈɋɌɂ ɇȺ ɇȿɄɈɇȼȿɇɐɂɈɇȺɅɇɂ 
ɆȿɌɈȾɂ ɁȺ ȿɄɋɉɅɈȺɌȺɐɂȳȺ ɇȺ ȳȺȽɅȿɇɂ * Ɋɚɞɦɢɥɚ Ʉɚɪɚɧɚɤɨɜɚ 





ɇȿɄɈɂ ɄȺɊȺɄɌȿɊɂɋɌɂɄɂ ɇȺ ɋȿɂɁɆɂɑɇɈɋɌȺ ɇȺ ɉɈȾɊȺɑȳȿɌɈ 
ɊȺȾɈȼɂɒ-ɋɌɊɍɆɂɐȺ-ȼȺɅȺɇȾɈȼɈ (Ɋ. ɆȺɄȿȾɈɇɂȳȺ) * Ɋɢɫɬɨ ɉɨɩɨɜɫɤɢ, 








ȽȿɈɌȿɏɇɂɄȺ ɂ ȽȿɈɅɈȽɂȳȺ  
  
ɋɈȼɊȿɆȿɇɂ ɆȿɌɈȾɂ ɁȺ ȽȿɈɌȿɏɇɂɑɄɂ ɆɈɇɂɌɈɊɂɇȽ ɂ ɆɈȾȿɅɂɊȺȵȿ 
ɄȺȳ ɉɈȼɊɒɂɇɋɄȺ  ɂ ɉɈȾɁȿɆɇȺ ȿɄɋɉɅɈȺɌȺɐɂȳȺ * ɂɝɨɪ ɉɟɲɟɜɫɤɢ, ȳɨɜɚɧ 





ɈȾɊȿȾɍȼȺȵȿ ɇȺ ɄȼȺɅɂɌȿɌɈɌ ɇȺ ȽɊȺȾȿɀɇɈ-ɌȿɏɇɂɑɄɂ ɄȺɆȿɇ * ȴɭɩɱɟ 




ȽȿɈɆȿɏȺɇɂɑɄɂ ɄȺɊȺɄɌȿɊɂɋɌɂɄɂ ɇȺ ȼȺɊɈȼɇɂɄɈɌ ɈȾ 
ɇȺɈЃȺɅɂɒɌȿɌɈ “ɊȺɒȺɇȿɐ” ɂ ɇɂȼɇȺ ɄɈɊȿɅȺɐɂȳȺ ɋɈ ȻɊɁɂɇȺɌȺ ɇȺ 
ȿɅȺɋɌɂɑɇɂɌȿ ȻɊȺɇɈȼɂ * Ѓɨɪɝɢ Ⱦɢɦɨɜ, ȼɨјɨ Ɇɢɪɱɨɜɫɤɢ, ȼɢɨɥɟɬɚ 






ȽȿɈɆȿɌȺɅɍɊȽɂȳȺ * Ɇɚɪјɚɧ Ⱦɟɥɢɩɟɬɪɟɜ, Ƚɨɰɟ Ɂɥɚɬɤɨɜ, Ȼɥɚɝɢɰɚ 
Ⱦɨɧɟɜɚ, Ɂɨɪɚɧ ɉɚɧɨɜ, Ɋɚɞɦɢɥɚ Ʉɚɪɚɧɚɤɨɜɚ ɋɬɟɮɚɧɨɜɫɤɚ, Ɋɢɫɬɨ 





ɇȺɈЃȺɅɂɒɌȿ ɁȺ ȳȺȽɅȿɇ „ɅȺȼɐɂ„ - Ɋȿɋȿɇ * Ⱥɥɟɤɫɚɧɞɚɪ ɋɬɨɢɥɤɨɜ, Ʌɚɫɬɟ 




ɆȿɇȺȹɆȿɇɌ, ɂɋɌɊȺɀɍȼȺȵȿ ɇȺ ɆɂɇȿɊȺɅɇɂ ɋɍɊɈȼɂɇɂ ɂ ɊɍȾɇɂɑɄȺ 




ȽȿɈɅɈɒɄɈ-ȿɄɈɇɈɆɋɄȺ ɈɐȿɇɄȺ ɇȺ ɊɍȾɇȺɌȺ ɀɂɐȺ ȻɊ. 4 ɈȾ 




ɉɈɌȿɇɐɂȳȺɅ ɇȺ ɉɊɂɅȿɉɋɄɈ ɉɈɅȿ ȼɈ ɈȾɇɈɋ ɇȺ ȳȺȽɅȿɇɈɋɇɈɋɌȺ * 




ɏȿɆɂɋɄɂ ɋɈɋɌȺȼ ɇȺ ȺɅɍȼɂȳȺɅɇɈ ɁɅȺɌɈ ɈȾ ɇȿɄɈɂ ɅɈɄȺɅɂɌȿɌɂ ȼɈ 






ȽɊȺȼɂɆȿɌɊɂɋɄɂ ɂɋɌɊȺɀɍȼȺȵȺ ɇȺ ɇȺɈЃȺɅɂɒɌȺ ɇȺ ɆɂɇȿɊȺɅɇɂ 
ɋɍɊɈȼɂɇɂ * Ȼɥɚɝɢɰɚ Ⱦɨɧɟɜɚ, Ɍɨɞɨɪ Ⱦɟɥɢɩɟɬɪɨɜ, Ɇɚɪјɚɧ Ⱦɟɥɢɩɟɬɪɟɜ, Ʉɪɫɬɨ 





ɋȿɄɍɇȾȺɊɇɂ ɋɂɅɂɐɂɋɄɂ ɋɍɊɈȼɂɇɂ ȼɈ ɄȼȺɊɌȿɊɇɂ ɄɈɇɌɂɇȿɇɌȺɅɇɂ 






ɅɂɌɈɋɌɊȺɌɂȽɊȺɎɋɄɂ ɄȺɊȺɄɌȿɊɂɋɌɂɄɂ ɇȺ ɄɊȿȾɇɂɌȿ ɋȿȾɂɆȿɇɌɂ ȼɈ 






ɅɂɌɈɋɌɊȺɌɂȽɊȺɎɂȳȺ ɇȺ ȿɈɐȿɇɋɄɂɌȿ ɋȿȾɂɆȿɇɌɂ ȼɈ ɋɊɉɋɄɈ-
ɆȺɄȿȾɈɇɋɄɂɈɌ ɆȺɋɂȼ, ɊȿɉɍȻɅɂɄȺ ɆȺɄȿȾɈɇɂȳ * ȼɢɨɥɟɬɚ ɋɬɨјɚɧɨɜɚ, 













ɆȿɌɈȾɂ ɁȺ ɈɌɋɌɊȺɇɍȼȺЊȿ ɇȺ ɐɂЈȺɇɂȾɂ ɈȾ ɊɍȾɇɂɑɄɂ ȼɈȾɂ 
 
Ɇɢɪјɚɧɚ Ƚɨɥɨɦɟɨɜɚ1, Ⱥɮɪɨɞɢɬɚ Ɂɟɧɞɟɥɫɤɚ1, Ȼɥɚɝɨј Ƚɨɥɨɦɟɨɜ1,  
Ȼɨɪɢɫ Ʉɪɫɬɟɜ1 
1ɍɧɢɜɟɪɡɢɬɟɬ “Ƚɨɰɟ Ⱦɟɥɱɟɜ”, Ɏɚɤɭɥɬɟɬ ɡɚ ɩɪɢɪɨɞɧɢ ɢ ɬɟɯɧɢɱɤɢ ɧɚɭɤɢ,  
Шɬɢɩ, Мɚɤɟɞɨɧɢјɚ 
 
Ⱥɩɫɬɪɚɤɬ: ȼɨ ɨɜɨј ɬɪɭɞ ɫɟ ɨɩɢɲɚɧɢ ɧɟɤɨɥɤɭ ɦɟɬɨɞɢ ɡɚ ɨɬɫɬɪɚɧɭɜɚњɟ ɧɚ ɰɢјɚɧɢɞɨɬ ɨɞ 
ɪɭɞɧɢɱɤɢ ɜɨɞɢ ɢ ɩɭɥɩɚ. ȼɨ ɪɭɞɚɪɫɬɜɨɬɨ, ɰɢјɚɧɢɞɨɬ ɝɥɚɜɧɨ ɫɟ ɤɨɪɢɫɬɢ ɡɚ ɥɭɠɟњɟ ɡɚ 
ɢɡɜɥɟɤɭɜɚњɟ ɧɚ ɫɪɟɛɪɨ ɢ ɡɥɚɬɨ oɞ ɪɭɞɚɬɚ ɢ ɤɚɤɨ ɮɥɨɬɚɰɢɫɤɢ ɪɟɚɝɟɧɫ ɡɚ ɢɫɤɨɪɢɫɬɭɜɚњɟ ɧɚ 
ɨɫɧɨɜɧɢɬɟ ɦɟɬɚɥɢ ɤɚɤɨ ɲɬɨ ɫɟ: ɛɚɤɚɪ, ɨɥɨɜɨ ɢ ɰɢɧɤ. Сɨ ɰɟɥ ɞɚ ɫɟ ɟɥɢɦɢɧɢɪɚɚɬ 
ɩɨɬɟɧɰɢјɚɥɧɢ ɩɪɨɛɥɟɦɢ ɨɞ ɡɚɝɚɞɭɜɚњɟ ɧɚ ɠɢɜɨɬɧɚɬɚ ɫɪɟɞɢɧɚ, ɬɪɟɛɚ ɞɚ ɫɟ ɜɨɜɟɞɚɬ 
ɬɪɟɬɦɚɧɢ ɡɚ ɨɬɫɬɪɚɧɭɜɚњɟ ɧɚ ɰɢјɚɧɢɞɢɬɟ.  
Ɉɬɫɬɪɚɧɭɜɚњɟɬɨ ɦɨɠɟ ɞɚ ɫɟ ɜɪɲɢ ɫɨ ɞɟɫɬɪɭɤɰɢјɚ ɧɚ ɰɢјɚɧɢɞ, ɩɪɨɰɟɫɢ ɤɨɢ ɫɟ ɡɚɫɧɨɜɚɧɢ ɧɚ 
ɩɪɢɧɰɢɩɨɬ ɧɚ ɩɪɟɬɜɨɪɚњɟ ɧɚ ɰɢјɚɧɢɞɨɬ ɜɨ ɩɨɦɚɥɤɭ ɬɨɤɫɢɱɧɨ ɫɨɟɞɢɧɟɧɢɟ ɩɪɟɤɭ ɪɟɚɤɰɢјɚ ɧɚ 
ɨɤɫɢɞɚɰɢјɚ. ɉɨɫɬɨјɚɬ ɧɟɤɨɥɤɭ ɬɚɤɜɢ ɩɪɨɰɟɫɢ ɩɪɟɤɭ ɤɨɢ ɫɟ ɞɨɛɢɜɚɚɬ ɬɪɟɬɢɪɚɧɢ ɜɨɞɢ ɢɥɢ 
ɩɭɥɩɢ ɫɨ ɧɢɫɤɚ ɫɨɞɪɠɢɧɚ ɧɚ ɰɢјɚɧɢɞ ɢ ɦɟɬɚɥɢ. 
 
Ʉɥɭɱɧɢ ɡɛɨɪɨɜɢ: ɰɢјɚɧɢɞ, ɞɟɫɬɪɭɤɰɢјɚ, ɪɭɞɧɢɱɤɢ ɜɨɞɢ. 
 
 
METHODS FOR CYANIDE REMOVAL OF MINING WATER 
 
Mirjana Golomeova1, Afrodita Zendelska1, Blagoj Golomeov1, Boris Krstev1  
1Goce Delcev University, Faculty of Natural and Technical Sciences, Stip, Macedonia 
 
Abstract: In this paper are described some cyanide treatment processes. In the mining industry, 
cyanide is primarily used for extracting silver and gold from ores, but cyanide is also used in low 
concentrations as a flotation reagent for the recovery of base metals such as copper, lead and zinc. 
At these operations, cyanide treatment systems may be required to address potential toxicity issues in 
regard to wildlife, waterfowl and/or aquatic life. 
Most cyanide destruction processes operate on the principle of converting cyanide into a less toxic 
compound through an oxidation reaction. There are several destruction processes that are well 
proven to produce treated solutions or slurries with low levels of cyanide as well as metals. 
 




ȼɨ ɪɭɞɚɪɫɤɚɬɚ ɢɧɞɭɫɬɪɢјɚ, ɰɢјɚɧɢɞɨɬ ɩɪɢɦɚɪɧɨ ɫɟ ɤɨɪɢɫɬɢ ɡɚ ɢɡɜɥɟɤɭɜɚњɟ ɧɚ 
ɫɪɟɛɪɨ ɢ ɡɥɚɬɨ oɞ ɪɭɞɢ, ɧɨ ɢɫɬɨ ɬɚɤɚ, ɜɨ ɧɢɫɤɢ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɫɟ ɤɨɪɢɫɬɢ ɢ ɤɚɤɨ 





ɧɚ Ɋ. Ɇɚɤɟɞɨɧɢјɚ 
X ɌɈ ɋɌɊɍɑɇɈ ɋɈȼȿɌɍȼȺЊȿ ɇȺ ɌȿɆȺ: 
Ɍɟɯɧɨɥɨɝɢјɚ ɧɚ ɩɨɞɡɟɦɧɚ ɢ ɩɨɜɪɲɢɧɫɤɚ ɟɤɫɩɥɨɚɬɚɰɢјɚ ɧɚ 
ɦɢɧɟɪɚɥɧɢ ɫɭɪɨɜɢɧɢ 
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ɨɥɨɜɨ ɢ ɰɢɧɤ. ɋɨ ɰɟɥ ɞɚ ɫɟ ɟɥɢɦɢɧɢɪɚɚɬ ɩɨɬɟɧɰɢјɚɥɧɢ ɩɪɨɛɥɟɦɢ ɨɞ ɬɨɤɫɢɱɧɨɫɬ 
ɜɨ ɨɞɧɨɫ ɧɚ ɜɨɞɟɧɢɨɬ ɢ ɪɚɫɬɢɬɟɥɧɢɨɬ ɫɜɟɬ, ɤɚɤɨ ɢ ɱɨɜɟɤɨɬ, ɦɨɠɟ ɞɚ ɫɟ јɚɜɢ 
ɩɨɬɪɟɛɚ ɨɞ ɜɨɜɟɞɭɜɚњɟ ɧɚ ɫɢɫɬɟɦ ɡɚ ɬɪɟɬɦɚɧ ɧɚ ɰɢјɚɧɢɞɢɬɟ.  
Ɍɟɪɦɢɧɨɬ "ɰɢјɚɧɢɞ" ɫɟ ɨɞɧɟɫɭɜɚ ɧɚ ɟɞɧɚ ɨɞ ɬɪɢɬɟ ɤɥɚɫɢɮɢɤɚɰɢɢ ɧɚ ɰɢјɚɧɢɞ, ɢ 
ɩɨɬɪɟɛɧɨ e ɞɚ ɫɟ ɞɟɮɢɧɢɪɚ ɤɨјɚ ɤɥɚɫɚ ɧɚ ɰɢјɚɧɢɞ ɬɪɟɛɚ ɞɚ ɫɟ ɨɬɫɬɪɚɧɢ ɜɨ 
ɩɨɫɬɪɨјɤɚɬɚ ɡɚ ɬɪɟɬɦɚɧ. Ɍɪɢɬɟ ɤɥɚɫɢ ɧɚ ɰɢјɚɧɢɞ ɫɟ: ɜɤɭɩɟɧ ɰɢјɚɧɢɞ, WAD (weak 
acid dissociable) ɰɢјɚɧɢɞ ɢ ɫɥɨɛɨɞɟɧ ɰɢјɚɧɢɞ (Ɍɚɛɟɥɚ 1) [1].  
 









ɍɦɟɪɟɧɨ ɢ ɫɥɚɛɨ ɫɢɥɧɢ 
ɤɨɦɩɥɟɤɫɢ ɧɚ ɦɟɬɚɥ-ɰɢјɚɧɢɞ 
ɫɨ Ag, Cd, Cu, Hg, Ni ɢ Zn 
 ɋɥɨɛɨɞɟɧ CN- 
 ɰɢјɚɧɢɞ HCN 
 
ȼɤɭɩɧɢɨɬ ɰɢјɚɧɢɞ ɜɤɥɭɱɭɜɚ ɫɥɨɛɨɞɟɧ ɰɢјɚɧɢɞ, WAD ɰɢјɚɧɢɞ ɢ ɪɟɥɚɬɢɜɧɨ 
ɧɟɬɨɤɫɢɱɧɢ ɤɨɦɩɥɟɤɫɢ ɧɚ ɠɟɥɟɡɨ-ɰɢјɚɧɢɞ. WAD ɰɢјɚɧɢɞɨɬ ɟ ɰɢјɚɧɢɞ ɤɨј 
ɞɢɫɨɰɢɪɚ ɜɨ ɫɥɚɛɨ ɤɢɫɟɥɚ ɫɪɟɞɢɧɚ ɩɪɢ ɪɇ 4.5-6 ɤɨј ɜɤɥɭɱɭɜɚ ɬɨɤɫɢɤɨɥɨɲɤɢ 
ɜɚɠɧɢ ɮɨɪɦɢ ɧɚ ɰɢјɚɧɢɞ, ɜɤɥɭɱɭɜɚјќɢ ɢ ɫɥɨɛɨɞɟɧ ɰɢјɚɧɢɞ ɢ ɭɦɟɪɟɧɢ ɢ ɫɥɚɛɢ 
ɤɨɦɩɥɟɤɫɢ ɧɚ ɦɟɬɚɥ-ɰɢјɚɧɢɞ.  ɇɚјɱɟɫɬɨ ɢɡɛɨɪɨɬ ɡɚ ɬɪɟɬɢɪɚњɟ ɟ WAD ɰɢјɚɧɢɞɨɬ. 
ɉɪɨɰɟɫɢɬɟ ɡɚ ɬɪɟɬɦɚɧ ɧɚ ɰɢјɚɧɢɞ ɫɟ ɤɥɚɫɢɮɢɰɢɪɚɚɬ ɢɥɢ ɤɚɤɨ ɩɪɨɰɟɫ ɡɚɫɧɨɜɚɧ 
ɧɚ ɞɟɫɬɪɭɤɰɢјɚ ɢɥɢ ɤɚɤɨ ɩɪɨɰɟɫ ɡɚɫɧɨɜɚɧ ɧɚ ɢɫɤɨɪɢɫɬɭɜɚњɟ. ȼɨ ɩɪɨɰɟɫɨɬ ɧɚ 
ɞɟɫɬɪɭɤɰɢјɚ ɫɟ ɤɨɪɢɫɬɚɬ ɯɟɦɢɫɤɢ ɢɥɢ ɛɢɨɥɨɲɤɢ ɪɟɚɤɰɢɢ ɡɚ ɩɪɟɬɜɨɪɚњɟ ɧɚ 
ɰɢјɚɧɢɞɨɬ ɜɨ ɞɪɭɝɨ ɩɨɦɚɥɤɭ ɬɨɤɫɢɱɧɨ ɫɨɟɞɢɧɟɧɢɟ. Кɚј ɩɪɨɰɟɫɢɬɟ ɧɚ 
ɢɫɤɨɪɢɫɬɭɜɚњɟ ɫɟ ɨɞɢ ɧɚ ɪɟɰɢɤɥɢɪɚњɟ, ɜɨ ɤɨј ɰɢјɚɧɢɞɨɬ ɫɟ ɨɬɫɬɪɚɧɭɜɚ ɨɞ 
ɡɚɝɚɞɟɧɢɬɟ ɜɨɞɢ ɢɥɢ ɩɭɥɩɚɬɚ, ɚ ɩɨɬɨɚ ɩɨɜɬɨɪɧɨ ɫɟ ɤɨɪɢɫɬɢ ɜɨ ɩɪɨɰɟɫɨɬ. 
ɉɪɢ ɢɡɛɨɪɨɬ ɧɚ ɫɨɨɞɜɟɬɟɧ ɩɪɨɰɟɫ ɡɚ ɬɪɟɬɦɚɧ ɧɚ ɜɨɞɢɬɟ/ɩɭɥɩɚɬɚ ɫɨ ɰɢјɚɧɢɞ ɫɟ 
ɢɫɩɢɬɭɜɚɚɬ ɩɨɜɟќɟ ɮɚɤɬɨɪɢ, ɧɨ ɝɥɚɜɧɨ ɩɨɬɪɟɛɧɨɬɨ ɧɢɜɨ ɧɚ ɬɪɟɬɦɚɧ ɫɟ 
ɨɩɪɟɞɟɥɭɜɚ ɜɨ ɡɚɜɢɫɧɨɫɬ ɨɞ ɯɟɦɢјɚɬɚ ɧɚ ɧɟɬɪɟɬɢɪɚɧɢɬɟ ɜɨɞɢ/ɩɭɥɩɚ.  
ɉɨɫɬɨјɚɬ ɧɟɤɨɥɤɭ ɩɪɨɰɟɫɢ ɡɚ ɞɟɫɬɪɭɤɰɢјɚ ɢ ɢɫɤɨɪɢɫɬɭɜɚњɟ ɧɚ ɰɢјɚɧɢɞ, ɧɨ ɡɚ 
ɫɢɬɟ ɨɞ ɧɢɜ ɩɨɬɪɟɛɧɨ ɟ ɥɚɛɨɪɚɬɨɪɢɫɤɨ ɢ/ɢɥɢ ɩɨɥɭɢɧɞɭɫɬɪɢɫɤɨ ɢɫɩɢɬɭɜɚњɟ ɡɚ 
ɞɚ ɫɟ ɩɨɬɜɪɞɢ ɩɨɫɬɢɝɧɚɬɨɬɨ ɧɢɜɨ ɨɞ ɬɪɟɬɦɚɧɨɬ ɢ ɞɚ ɫɟ ɨɞɪɟɞɢ ɩɨɬɪɨɲɭɜɚɱɤɚɬɚ 
ɧɚ ɪɟɚɝɟɧɫɢɬɟ.  
 
2. ȾȿɋɌɊɍɄɐɂЈȺ ɇȺ ɐɂЈȺɇɂȾ 
  
ɉɨɝɨɥɟɦ ɞɟɥ ɨɞ ɩɪɨɰɟɫɢɬɟ ɧɚ ɞɟɫɬɪɭɤɰɢјɚ ɧɚ ɰɢјɚɧɢɞ ɫɟ ɡɚɫɧɨɜɚɧɢ ɧɚ 
ɩɪɢɧɰɢɩɨɬ ɧɚ ɩɪɟɬɜɨɪɚњɟ ɧɚ ɰɢјɚɧɢɞɨɬ ɜɨ ɩɨɦɚɥɤɭ ɬɨɤɫɢɱɧɨ ɫɨɟɞɢɧɟɧɢɟ ɩɪɟɤɭ 
ɪɟɚɤɰɢјɚ ɧɚ ɨɤɫɢɞɚɰɢјɚ. ɉɨɫɬɨјɚɬ ɧɟɤɨɥɤɭ ɞɨɛɪɨ ɞɨɤɚɠɚɧɢ ɩɪɨɰɟɫɢ ɡɚ 
ɞɟɫɬɪɭɤɰɢјɚ ɧɚ ɰɢјɚɧɢɞ, ɩɪɟɤɭ ɤɨɢ ɫɟ ɞɨɛɢɜɚɚɬ ɬɪɟɬɢɪɚɧɢ ɜɨɞɢ ɢɥɢ ɩɭɥɩɢ ɫɨ 
ɧɢɫɤɚ ɫɨɞɪɠɢɧɚ ɧɚ ɰɢјɚɧɢɞ ɢ ɦɟɬɚɥɢ. 
 
2.1. INCO ɩɪɨɰɟɫ - ɫɭɥɮɭɪ ɞɢɨɤɫɢɞ/ɜɨɡɞɭɯ 
 
ɉɪɨɰɟɫɨɬ ɫɨ ɫɭɥɮɭɪ ɞɢɨɤɫɢɞɨɬ (SO2) ɢ ɜɨɡɞɭɯ ɟ ɪɚɡɜɢɟɧ ɨɞ INCO Limited ɜɨ 
1980-ɬɢɬɟ ɢ ɦɨɦɟɧɬɚɥɧɨ ɟ ɜɨ ɮɭɧɤɰɢјɚ ɧɚ ɩɨɝɨɥɟɦ ɛɪɨј ɥɨɤɚɰɢɢ ɲɢɪɭɦ ɫɜɟɬɨɬ. 
ȼɨ ɩɪɨɰɟɫɨɬ ɫɟ ɤɨɪɢɫɬɢ SO2 ɢ ɜɨɡɞɭɯ ɜɨ ɩɪɢɫɭɫɬɜɨ ɧɚ ɛɚɤɚɪ ɤɚɤɨ ɤɚɬɚɥɢɡɚɬɨɪ, 
ɡɚ ɞɚ ɞɨјɞɟ ɞɨ ɨɤɫɢɞɢɪɚњɟ ɧɚ ɰɢјɚɧɢɞɨɬ ɫɨ ɲɬɨ ɛɢ ɫɟ ɮɨɪɦɢɪɚɥɨ ɩɨɦɚɥɤɭ 
ɬɨɤɫɢɱɧɨ ɫɨɟɞɢɧɟɧɢɟ ɰɢјɚɧɚɬ (OCN-). ɉɪɨɰɟɫɨɬ ɫɟ ɨɞɜɢɜɚ ɫɩɨɪɟɞ ɪɟɚɤɰɢјɚ (1): 
34 
 
                              →                              (1) 
Ƚɥɚɜɧɨ, ɩɪɢɦɟɧɚɬɚ ɧɚ ɩɪɨɰɟɫɨɬ ɫɭɥɮɭɪ ɞɢɨɤɫɢɞ ɢ ɜɨɡɞɭɯ ɟ ɡɚ ɬɪɟɬɢɪɚњɟ ɧɚ 
ɩɭɥɩɚ ɨɞ јɚɥɨɜɢɧɚɬɚ, ɧɨ ɢɫɬɨ ɬɚɤɚ ɨɜɨј ɩɪɨɰɟɫ ɟ ɟɮɢɤɚɫɟɧ ɢ ɩɪɢ ɬɪɟɬɢɪɚњɟ ɧɚ 
ɜɨɞɢ ɫɨ ɰɟɥ ɨɤɫɢɞɚɰɢјɚ ɧɚ ɫɥɨɛɨɞɧɢ ɢ WAD ɰɢјɚɧɢɞɢ. ȼɨ ɨɜɨј ɩɪɨɰɟɫ, ɠɟɥɟɡɨ 
ɰɢјɚɧɢɞɢɬɟ ɫɟ ɨɬɫɬɪɚɧɭɜɚɚɬ ɫɨ ɢɫɬɚɥɨɠɭɜɚњɟ ɧɚ ɧɟɪɚɫɬɜɨɪɥɢɜɢɬɟ ɤɨɦɩɥɟɤɫɢ 
ɧɚ ɛɚɤɚɪ-ɠɟɥɟɡɨ-ɰɢјɚɧɢɞ. 
Ɍɟɨɪɟɬɫɤɚɬɚ ɩɨɬɪɟɛɚ ɧɚ SO2 ɜɨ ɩɪɨɰɟɫɨɬ ɟ 2.46 g SO2 ɩɨ ɝɪɚɦ ɨɤɫɢɞɢɪɚɧ CN, 
ɧɨ ɜɨ ɩɪɚɤɫɚ ɩɨɬɪɨɲɭɜɚɱɤɚɬɚ ɫɟ ɞɜɢɠɢ ɨɤɨɥɭ 3.5 – 4.5 g SO2 ɩɨ ɝɪɚɦ ɨɤɫɢɞɢɪɚɧ 
CN. ɉɨɬɪɟɛɧɢɨɬ SO2  ɫɟ ɨɛɟɡɛɟɞɭɜɚ ɫɨ ɬɟɱɟɧ ɫɭɥɮɭɪ ɞɢɨɤɫɢɞ ɢɥɢ ɫɨ ɧɚɬɪɢɭɦ 
ɦɟɬɚɛɢɫɭɥɮɢɬ (Na2S2O5). Зɚ ɨɞɜɢɜɚњɟ ɧɚ ɩɪɨɰɟɫɨɬ ɩɨɬɪɟɛɧɨ ɟ ɞɚɜ ɫɟ ɞɨɞɚɞɟ ɢ 
ɤɢɫɥɨɪɨɞ (Ɉ2) ɤɨј ɨɛɢɱɧɨ ɫɟ ɞɨɛɢɜɚ ɫɨ ɜɧɟɫɭɜɚњɟ ɧɚ ɚɬɦɨɫɮɟɪɫɤɢ ɜɨɡɞɭɯ ɜɨ 
ɪɟɚɤɰɢɨɧɢɬɟ ɫɚɞɨɜɢ. Ɋɟɚɤɰɢјɚɬɚ ɫɟ ɨɞɜɢɜɚ ɜɨ ɟɞɟɧ ɢɥɢ ɩɨɜɟќɟ ɚɝɢɬɚɬɨɪɢ, ɩɪɢ 
pH ɜɪɟɞɧɨɫɬ ɨɤɨɥɭ 8.0 – 9.0. Зɚ ɞɚ ɫɟ ɨɞɪɠɢ pH ɜɪɟɞɧɨɫɬɚ ɜɨ ɨɜɢɟ ɝɪɚɧɢɰɢ ɢ ɞɚ 
ɫɟ  ɧɟɭɬɪɚɥɢɡɢɪɚ ɤɢɫɟɥɢɧɚɬɚ (H+) ɤɨјɚ ɫɟ ɮɨɪɦɢɪɚ ɩɪɢ ɪɟɚɤɰɢјɚɬɚ, ɩɨɬɪɟɛɧɨ ɟ 
ɞɚ ɫɟ ɞɨɞɚɞɟ ɜɚɪ. ɍɩɨɬɪɟɛɚɬɚ ɧɚ ɜɚɪ ɝɟɧɟɪɚɥɧɨ ɟ 3.0 - 5.0 g ɧɚ ɝɪɚɦ ɨɤɫɢɞɢɪɚɧ 
CN. Ⱦɨɞɚɜɚњɟɬɨ ɧɚ ɛɚɤɚɪ (Cu+2), ɤɚɤɨ ɤɚɬɚɥɢɡɚɬɨɪ, ɨɛɢɱɧɨ ɟ ɤɚɤɨ ɪɚɫɬɜɨɪ ɧɚ 
ɛɚɤɚɪ ɫɭɥɮɚɬ (CuSO4ɯ5H20) ɫɨ ɰɟɥ ɞɚ ɫɟ ɨɛɟɡɛɟɞɢ ɤɨɧɰɟɧɬɪɚɰɢјɚ ɧɚ ɛɚɤɚɪ ɜɨ 
ɨɩɫɟɝ ɨɤɨɥɭ 10 - 50 mg/l. ɉɨ ɡɚɜɪɲɭɜɚњɟɬɨ ɧɚ ɪɟɚɤɰɢјɚɬɚ, ɦɟɬɚɥɢɬɟ ɤɨɢ 
ɩɪɟɬɯɨɞɧɨ ɩɪɟɬɫɬɚɜɭɜɚɥɟ ɤɨɦɩɥɟɤɫ ɫɨ ɰɢјɚɧɢɞɨɬ (ɤɚɤɨ ɲɬɨ ɫɟ ɛɚɤɚɪ, ɧɢɤɟɥ ɢ 
ɰɢɧɤ) ɫɟɝɚ ɫɟ ɩɪɟɰɢɩɢɬɢɪɚɚɬ ɤɚɤɨ ɫɨɟɞɢɧɟɧɢјɚ ɧɚ ɦɟɬɚɥ-ɯɢɞɪɨɤɫɢɞ. 
ɋɨ ɨɜɨј ɩɪɨɰɟɫ ɫɟ ɩɨɫɬɢɝɧɭɜɚ ɧɢɫɤɚ ɫɨɞɪɠɢɧɚ ɧɚ ɰɢјɚɧɢɞ ɢ ɦɟɬɚɥɢ. ɇɚјɞɨɛɪɚ 
ɩɪɢɦɟɧɚ ɨɜɨј ɩɪɨɰɟɫ ɧɚɨѓɚ ɡɚ ɬɪɟɬɢɪɚњɟ ɧɚ ɡɚɝɚɞɟɧɢ ɜɨɞɢ/ɩɭɥɩɢ ɤɨɢ ɫɨɞɪɠɚɬ 
ɧɢɫɤɢ ɞɨ ɭɦɟɪɟɧɨ ɜɢɫɨɤɢ ɩɨɱɟɬɧɢ ɫɨɞɪɠɢɧɢ ɧɚ ɰɢјɚɧɢɞ ɢ ɤɨɝɚ ɟ ɩɨɬɪɟɛɧɨ 
ɧɢɜɨɬɨ ɧɚ ɰɢјɚɧɢɞ ɩɨɫɥɟ ɬɪɟɬɦɚɧɨɬ ɞɚ ɛɢɞɟ  ɩɨɦɚɥɤɭ ɨɞ 1 - 5 mg/l. ȼɨ ɧɟɤɨɢ 
ɫɥɭɱɚɢ, ɬɪɟɬɢɪɚɧɢɬɟ ɪɚɫɬɜɨɪɢ ɫɨ ɨɜɨј ɩɪɨɰɟɫ ɦɨɠɟ ɞɚ ɛɢɞɚɬ ɫɨ ɫɨɨɞɜɟɬɟɧ 
ɤɜɚɥɢɬɟɬ ɡɚ ɞɚ ɫɟ ɞɨɡɜɨɥɢ ɧɢɜɧɨ ɢɫɩɭɲɬɚњɟ. 
 ɋɥɢɤɚ 1. ɒɟɦɚɬɫɤɢ ɩɪɢɤɚɡ ɧɚ INCO ɩɪɨɰɟɫ 
 
2.2. ȼɨɞɨɪɨɞɟɧ ɩɟɪɨɤɫɢɞ 
 
ɉɪɨɰɟɫɨɬ ɧɚ ɞɟɫɬɪɭɤɰɢјɚ ɧɚ ɰɢјɚɧɢɞ ɫɨ ɜɨɞɨɪɨɞɟɧ ɩɟɪɨɤɫɢɞ ɟ ɫɥɢɱɟɧ ɫɨ INCO 
ɩɪɨɰɟɫɨɬ, ɧɨ ɧɚɦɟɫɬɨ ɫɭɥɮɭɪ ɞɢɨɤɫɢɞ ɢ ɜɨɡɞɭɯ ɫɟ ɤɨɪɢɫɬɢ ɜɨɞɨɪɨɞɟɧ ɩɟɪɨɤɫɢɞ. 
ȼɨ ɨɜɨј ɩɪɨɰɟɫ ɢɫɬɨ ɬɚɤɚ ɟ ɩɨɬɪɟɛɧɨ ɞɨɞɚɜɚњɟ ɧɚ ɛɚɤɚɪ ɤɚɤɨ ɤɚɬɚɥɢɡɚɬɨɪ, ɚ 




                        →                          (2) 
ɉɪɨɰɟɫɨɬ ɫɨ ɜɨɞɨɪɨɞɟɧ ɩɟɪɨɤɫɢɞ ɧɚјɱɟɫɬɨ ɧɚɨѓɚ ɩɪɢɦɟɧɚ ɡɚ ɬɪɟɬɢɪɚњɟ ɧɚ 
ɡɚɝɚɞɟɧɢ ɜɨɞɢ, ɛɢɞɟјќɢ ɩɪɢɦɟɧɚɬɚ ɧɚ ɨɜɨј ɩɪɨɰɟɫ ɤɚј ɩɭɥɩɚ ɛɚɪɚ ɜɢɫɨɤɚɬɚ 
ɩɨɬɪɨɲɭɜɚɱɤɚ ɧɚ ɜɨɞɨɪɨɞɟɧ ɩɟɪɨɤɫɢɞ. ɉɪɨɰɟɫɨɬ ɨɛɢɱɧɨ ɫɟ ɩɪɢɦɟɧɭɜɚ ɡɚ 
ɬɪɟɬɢɪɚњɟ ɧɚ ɜɨɞɢ ɫɨ ɪɟɥɚɬɢɜɧɨ ɧɢɫɤɢ ɫɨɞɪɠɢɧɢ ɧɚ ɰɢјɚɧɢɞ ɡɚ ɞɚ ɦɨɠɟ ɞɚ ɫɟ 
ɩɨɫɬɢɝɧɟ ɞɨɡɜɨɥɟɧɨɬɨ ɧɢɜɨ ɧɚ ɰɢјɚɧɢɞ ɡɚ ɢɫɩɭɲɬɚњɟ. Ɉɜɨј ɩɪɨɰɟɫ ɟ ɟɮɢɤɚɫɟɧ 
ɡɚ ɬɪɟɬɦɚɧ ɧɚ ɜɨɞɢ ɡɚ ɞɚ ɫɟ ɢɡɜɪɲɢ ɨɤɫɢɞɚɰɢјɚ ɧɚ ɫɥɨɛɨɞɧɢ ɢ WAD ɰɢјɚɧɢɞɢ, ɢ 
ɠɟɥɟɡɧɢɬɟ ɰɢјɚɧɢɞɢ ɞɚ ɫɟ ɨɬɫɬɪɚɧɚɬ ɩɪɟɤɭ ɬɚɥɨɠɟњɟ ɧɚ ɧɟɪɚɫɬɜɨɪɥɢɜɢɨɬ 
ɤɨɦɩɥɟɤɫ ɧɚ ɛɚɤɚɪ-ɠɟɥɟɡɨ-ɰɢјɚɧɢɞ. Кɚɤɨ ɲɬɨ ɟ ɧɚɜɟɞɟɧɨ ɜɨ ɪɟɚɤɰɢјɚ (2), 
ɜɨɞɨɪɨɞɧɢɨɬ ɩɟɪɨɤɫɢɞ ɪɟɚɝɢɪɚ ɫɨ ɰɢјɚɧɢɞɨɬ ɢ ɮɨɪɦɢɪɚ ɰɢјɚɧɚɬ ɢ ɜɨɞɚ. Ɉɜɨј 
ɩɪɨɰɟɫ ɝɨ ɨɝɪɚɧɢɱɭɜɚ ɫɨɡɞɚɜɚњɟɬɨ ɧɚ ɪɚɫɬɜɨɪɟɧɢ ɦɚɬɟɪɢɢ ɜɨ ɪɚɫɬɜɨɪɨɬ ɤɨј 
ɲɬɨ ɫɟ ɬɪɟɬɢɪɚ.  
Ɍɟɨɪɟɬɫɤɚɬɚ ɭɩɨɬɪɟɛɚ ɧɚ H2O2 ɜɨ ɩɪɨɰɟɫɨɬ ɟ 1.31 g H2O2 ɩɨ ɝɪɚɦ ɨɤɫɢɞɢɪɚɧ CN, 
ɧɨ ɜɨ ɩɪɚɤɫɚ ɩɨɬɪɨɲɭɜɚɱɤɚɬɚ ɫɟ ɞɜɢɠɢ ɨɞ ɨɤɨɥɭ 2.0 ɞɨ 8.0 g H2O2 ɩɨ ɝɪɚɦ 
ɨɤɫɢɞɢɪɚɧ CN. H2O2 ɲɬɨ ɫɟ ɤɨɪɢɫɬɢ ɜɨ ɩɪɨɰɟɫɨɬ ɨɛɢɱɧɨ ɫɟ ɞɨɞɚɜɚ ɤɚɤɨ 50% 
ɪɚɫɬɜɨɪ. 
Зɚ ɨɩɬɢɦɚɥɧɨ ɨɬɫɬɪɚɧɭɜɚњɟ ɧɚ ɰɢјɚɧɢɞ ɢ ɦɟɬɚɥɢ ɤɚɤɨ ɲɬɨ ɫɟ: ɛɚɤɚɪ, ɧɢɤɟɥ ɢ 
ɰɢɧɤ, ɪɟɚɤɰɢјɚɬɚ ɬɪɟɛɚ ɞɚ ɫɟ ɢɡɜɟɞɭɜɚ ɩɪɢ pH ɜɪɟɞɧɨɫɬ ɨɤɨɥɭ 9.0 – 9.5. Ⱦɨɤɨɥɤɭ 
ɟ ɩɨɬɪɟɛɧɨ ɞɚ ɫɟ ɨɬɫɬɪɚɧɢ ɠɟɥɟɡɨ ɰɢјɚɧɢɞ ɞɨ ɧɢɫɤɨ ɧɢɜɨ, ɬɨɝɚɲ pH ɜɪɟɞɧɨɫɬɚ 
ɫɟ ɧɚɦɚɥɭɜɚ ɡɚ ɞɚ ɫɟ ɡɝɨɥɟɦɢ ɬɚɥɨɠɟњɟɬɨ ɧɚ ɛɚɤɚɪ-ɠɟɥɟɡɨ-ɰɢјɚɧɢɞɢ ɧɚ ɫɦɟɬɤɚ 
ɧɚ ɧɚɦɚɥɭɜɚњɟ ɧɚ ɟɮɢɤɚɫɧɨɫɬɚ ɧɚ ɨɬɫɬɪɚɧɭɜɚњɟɬɨ ɧɚ ɛɚɤɚɪ, ɧɢɤɟɥ ɢ ɰɢɧɤ. ȼɨ 
ɨɜɨј ɩɪɨɰɟɫ ɫɟ ɞɨɞɚɜɚ ɛɚɤɚɪ (Cu+2) ɤɚɤɨ  ɤɚɬɚɥɢɡɚɬɨɪ, ɧɚјɱɟɫɬɨ ɤɚɤɨ ɪɚɫɬɜɨɪ ɧɚ 
ɛɚɤɚɪ ɫɭɥɮɚɬ (CuSO4ɯ5H20) ɡɚ ɞɚ ɫɟ ɨɛɟɡɛɟɞɢ ɤɨɧɰɟɧɬɪɚɰɢјɚ ɧɚ ɛɚɤɚɪ ɜɨ ɨɩɫɟɝ 
ɨɞ ɨɤɨɥɭ 10 - 20% ɨɞ ɩɨɱɟɬɧɚɬɚ ɤɨɧɰɟɧɬɪɚɰɢјɚ ɧɚ WAD ɰɢјɚɧɢɞɨɬ. ɉɨ 
ɡɚɜɪɲɭɜɚњɟɬɨ ɧɚ ɧɚɜɟɞɟɧɚɬɚ ɪɟɚɤɰɢјɚ, ɦɟɬɚɥɢɬɟ ɤɨɢ ɩɪɟɬɯɨɞɧɨ ɩɪɟɬɫɬɚɜɭɜɚɥɟ 
ɤɨɦɩɥɟɤɫ ɫɨ ɰɢјɚɧɢɞɨɬ (ɤɚɤɨ ɲɬɨ ɫɟ ɛɚɤɚɪ, ɧɢɤɟɥ ɢ ɰɢɧɤ) ɫɟɝɚ ɫɟ ɩɪɟɰɢɩɢɬɢɪɚɚɬ 
ɤɚɤɨ ɫɨɟɞɢɧɟɧɢјɚ ɧɚ ɦɟɬɚɥ-ɯɢɞɪɨɤɫɢɞ. 
ɋɨ ɨɜɨј ɩɪɨɰɟɫ ɫɟ ɩɨɫɬɢɝɧɭɜɚ ɧɢɫɤɨ ɧɢɜɨ ɧɚ ɰɢјɚɧɢɞ ɢ ɦɟɬɚɥɢ. Ɉɜɨј ɩɪɨɰɟɫ 
ɧɚɨѓɚ ɧɚјɞɨɛɪɚ ɩɪɢɦɟɧɚ ɤɚј ɩɭɥɩɢ ɤɨɢ ɫɨɞɪɠɚɬ ɪɟɥɚɬɢɜɧɨ ɧɢɫɤɚ ɩɨɱɟɬɧɚ 
ɫɨɞɪɠɢɧɚ ɧɚ ɰɢјɚɧɢɞ ɢ ɤɨɝɚ ɟ ɩɨɬɪɟɛɧɨ ɧɢɜɨɬɨ ɧɚ ɰɢјɚɧɢɞ ɩɨɫɥɟ ɬɪɟɬɦɚɧɨɬ ɞɚ 
ɛɢɞɟ ɩɨɦɚɥɤɭ ɨɞ ɨɤɨɥɭ 1 mg/l. ɑɟɫɬɨɩɚɬɢ, ɬɪɟɬɢɪɚɧɢɬɟ ɪɚɫɬɜɨɪɢ ɫɨ ɨɜɨј ɩɪɨɰɟɫ 
ɦɨɠɟ ɞɚ ɛɢɞɚɬ ɫɨ ɫɨɨɞɜɟɬɟɧ ɤɜɚɥɢɬɟɬ ɡɚ ɞɚ ɫɟ ɞɨɡɜɨɥɢ ɧɢɜɧɨ ɢɫɩɭɲɬɚњɟ. 




2.3. Ʉɚɪɨɜɚ ɤɢɫɟɥɢɧɚ 
 
ɉɟɪɨɤɫɢɦɨɧɨɫɭɥɮɭɪɧɚ ɤɢɫɟɥɢɧɚ (H2SO5), ɢɫɬɨ ɬɚɤɚ ɩɨɡɧɚɬɚ ɤɚɤɨ Кɚɪɨɜɚ 
ɤɢɫɟɥɢɧɚ, ɟ ɪɟɚɝɟɧɫ ɤɨј ɨɞ ɧɟɨɞɚɦɧɚ ɫɟ ɤɨɪɢɫɬɢ ɡɚ ɞɟɫɬɪɭɤɰɢјɚ ɧɚ ɰɢјɚɧɢɞ. 
                                 (3) 
Кɚɪɨɜɚɬɚ ɤɢɫɟɥɢɧɚ ɤɨјɚ ɫɟ ɞɨɛɢɜɚ ɨɞ ɫɭɥɮɭɪɧɚ ɤɢɫɟɥɢɧɚ ɢ ɜɨɞɨɪɨɞɟɧ ɩɟɪɨɤɫɢɞ 
ɦɨɪɚ ɞɚ ɫɟ ɩɪɨɢɡɜɟɞɭɜɚ ɧɚ ɫɚɦɨɬɨ ɦɟɫɬɨ ɧɚ ɤɨɪɢɫɬɟњɟ, ɛɢɞɟјќɢ ɫɟ ɪɚɫɩɚѓɚ 
ɦɧɨɝɭ ɛɪɡɨ [2]. ɋɟ ɩɪɢɦɟɧɭɜɚ ɩɪɢ ɬɪɟɬɦɚɧ ɧɚ ɩɭɥɩɚ, ɩɪɢ ɲɬɨ ɧɟ ɟ ɩɨɠɟɥɧɨ 
ɞɨɞɚɜɚњɟ ɧɚ ɛɚɤɚɪ ɤɚɤɨ ɤɚɬɚɥɢɡɚɬɨɪ, ɚ ɫɟ ɤɨɪɢɫɬɢ ɫɚɦɨ ɜɨ ɫɢɬɭɚɰɢɢ ɤɚɞɟ 
ɩɪɨɰɟɫɨɬ ɫɨ ɫɭɥɮɭɪ ɞɢɨɤɫɢɞ ɢ ɜɨɡɞɭɯ ɧɟ ɟ ɫɨɨɞɜɟɬɟɧ.  
Ɍɟɨɪɟɬɫɤɚɬɚ ɭɩɨɬɪɟɛɚ ɧɚ H2SO5 ɜɨ ɩɪɨɰɟɫɨɬ ɟ 4.39 g H2SO5 ɩɨ ɝɪɚɦ ɨɤɫɢɞɢɪɚɧ 
ɰɢјɚɧɢɞ, ɧɨ ɜɨ ɩɪɚɤɫɚ ɩɨɬɪɟɛɧɢ ɫɟ 5.0 – 15.0 g H2SO5 ɩɨ ɝɪɚɦ ɨɤɫɢɞɢɪɚɧ 
ɰɢјɚɧɢɞ. Кɢɫɟɥɢɧɚɬɚ ɤɨј ɲɬɨ ɫɟ ɮɨɪɦɢɪɚ ɜɨ ɪɟɚɤɰɢјɚɬɚ (H+) ɨɛɢɱɧɨ ɫɟ 
ɧɟɭɬɪɚɥɢɡɢɪɚ ɫɨ ɜɚɪ. 
 ɋɥɢɤɚ 3. ɒɟɦɚɬɫɤɢ ɩɪɢɤɚɡ ɧɚ ɬɪɟɬɦɚɧ ɫɨ Кɚɪɨɜɚ ɤɢɫɟɥɢɧɚ 
 
2.4. Ⱥɥɤɚɥɧɨ ɯɥɨɪɢɪɚњɟ   
 
Аɥɤɚɥɧɨɬɨ ɯɥɨɪɢɪɚњɟ ɛɟɲɟ ɧɚјɪɚɫɩɪɨɫɬɪɚɧɟɬ ɩɪɨɰɟɫ ɡɚ ɬɪɟɬɦɚɧ ɧɚ ɰɢјɚɧɢɞ, 
ɧɨ ɩɨɫɬɟɩɟɧɨ ɫɟ ɡɚɦɟɧɢ ɫɨ ɞɪɭɝɢ ɩɪɨɰɟɫɢ ɢ ɫɟɝɚ ɫɟ ɤɨɪɢɫɬɢ ɫɚɦɨ ɩɨɜɪɟɦɟɧɨ. 
Аɥɤɚɥɧɨɬɨ ɯɥɨɪɢɪɚњɟ ɟ ɟɮɢɤɚɫɟɧ ɩɪɨɰɟɫ ɡɚ ɞɟɫɬɪɭɤɰɢјɚ ɧɚ ɧɢɫɤɚ ɫɨɞɪɠɢɧɚ ɧɚ 
ɰɢјɚɧɢɞ. ɋɬɚɧɭɜɚ ɡɛɨɪ ɡɚ ɪɟɥɚɬɢɜɧɨ ɫɤɚɩ ɩɪɨɰɟɫ ɩɨɪɚɞɢ ɜɢɫɨɤɚɬɚ ɩɪɢɦɟɧɚ ɧɚ 
ɪɟɚɝɟɧɫɢ. Ɋɟɚɤɰɢјɚɬɚ ɡɚ ɞɟɫɬɪɭɤɰɢјɚ ɧɚ ɰɢјɚɧɢɞ ɫɟ ɨɞɜɢɜɚ ɜɨ ɞɜɚ ɱɟɤɨɪɢ. 
ɉɪɜɢɨɬ ɱɟɤɨɪ ɟ ɤɨɝɚ ɰɢјɚɧɢɞɨɬ ɫɟ ɩɪɟɬɜɨɪɚ ɜɨ ɰɢјɚɧɨɝɟɧ ɯɥɨɪɢɞ (CNCl), ɚ ɜɨ 
ɜɬɨɪɢɨɬ ɱɟɤɨɪ ɰɢјɚɧɨɝɟɧ ɯɥɨɪɢɞɨɬ ɯɢɞɪɨɥɢɡɢɪɚ ɢ ɫɟ ɞɨɛɢɜɚ ɰɢјɚɧɚɬ.                      (4) 
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                                                           (5) 
ȼɨ ɩɪɢɫɭɫɬɜɨ ɧɚ ɦɚɥ ɜɢɲɨɤ ɧɚ ɯɥɨɪ, ɰɢјɚɧɚɬɨɬ ɩɨɧɚɬɚɦɭ ɫɟ ɯɢɞɪɨɥɢɡɢɪɚ ɡɚ ɞɚ 
ɫɟ ɞɨɛɢɟ ɚɦɨɧɢјɚɤ ɩɪɢ ɤɚɬɚɥɢɬɢɱɤɢ ɬɢɩ ɧɚ ɪɟɚɤɰɢјɚ. 
                            →                              (6) 
Ⱦɨɤɨɥɤɭ ɢɦɚ ɞɨɜɨɥɧɨ ɜɢɲɨɤ ɯɥɨɪ, ɪɟɚɤɰɢјɚɬɚ ɩɪɨɞɨɥɠɭɜɚ ɩɪɟɤɭ "ɯɥɨɪɢɪɚњɟ ɧɚ 
ɝɪɚɧɢɱɧɢɬɟ ɬɨɱɤɢ" ɜɨ ɤɨјɚ ɚɦɨɧɢјɚɤɨɬ ɟ ɰɟɥɨɫɧɨ ɨɤɫɢɞɢɪɚɧ ɞɨ ɚɡɨɬɟɧ ɝɚɫ (N2). 
                                              +                 (7) 
ɉɨɤɪɚј ɪɟɚɝɢɪɚњɟɬɨ ɫɨ ɰɢјɚɧɢɞ, ɰɢјɚɧɚɬ ɢ ɚɦɨɧɢјɚɤ, ɩɪɨɰɟɫɨɬ ɧɚ ɚɥɤɚɥɧɨ 
ɯɥɨɪɢɪɚњɟ ќɟ ɝɨ ɨɤɫɢɞɢɪɚ ɬɢɨɰɢјɚɧɚɬɨɬ, ɤɨј ɜɨ ɧɟɤɨɢ ɫɥɭɱɚɢ ɦɨɠɟ ɞɚ ɞɨɜɟɞɟ ɞɨ 
ɩɪɟɬɟɪɚɧɨ ɝɨɥɟɦɚ ɩɨɬɪɨɲɭɜɚɱɤɚ ɧɚ ɯɥɨɪ.                                                    (8) 
Ƚɥɚɜɧɨ, ɚɥɤɚɥɧɨɬɨ ɯɥɨɪɢɪɚњɟ ɫɟ ɩɪɢɦɟɧɭɜɚ ɡɚ ɬɪɟɬɢɪɚњɟ ɧɚ ɜɨɞɢ, ɩɨɪɚɞɢ 
ɜɢɫɨɤɚɬɚ ɩɨɬɪɨɲɭɜɚɱɤɚ ɧɚ ɯɥɨɪ ɩɪɢ ɬɪɟɬɢɪɚњɟ ɧɚ ɩɭɥɩɚ. ɉɪɨɰɟɫɨɬ ɨɛɢɱɧɨ ɫɟ 
ɩɪɢɦɟɧɭɜɚ ɡɚ ɬɪɟɬɢɪɚњɟ ɧɚ ɦɚɥ ɩɪɨɬɨɤ ɫɨ ɧɢɫɤɚ ɞɨ ɜɢɫɨɤɚ ɩɨɱɟɬɧɚ ɫɨɞɪɠɢɧɚ 
ɧɚ ɰɢјɚɧɢɞ ɤɨɝɚ ɬɪɟɛɚ ɞɚ ɫɟ ɩɨɫɬɢɝɧɟ ɞɨɡɜɨɥɟɧɨ ɧɢɜɨ ɧɚ ɰɢјɚɧɢɞ ɡɚ ɢɫɩɭɲɬɚњɟ. 
Ɉɜɨј ɩɪɨɰɟɫ ɟ ɟɮɢɤɚɫɟɧ ɡɚ ɬɪɟɬɦɚɧ ɧɚ ɜɨɞɢ ɡɚ ɞɚ ɫɟ ɢɡɜɪɲɢ ɨɤɫɢɞɚɰɢјɚ ɧɚ 
ɫɥɨɛɨɞɧɢ ɢ WAD ɰɢјɚɧɢɞɢ, ɧɨ ɦɨɠɟ ɞɚ ɫɟ ɨɬɫɬɪɚɧɢ ɩɨɦɚɥɚ ɤɨɥɢɱɢɧɚ ɧɚ 
ɠɟɥɟɡɧɢ ɰɢјɚɧɢɞɢ ɜɨ ɡɚɜɢɫɧɨɫɬ ɨɞ ɧɢɜɨɬɨ ɧɚ ɞɪɭɝɢɬɟ ɦɟɬɚɥɢ ɜɨ ɜɨɞɚɬɚ ɲɬɨ ɫɟ 
ɬɪɟɬɢɪɚ. Кɚɤɨ ɲɬɨ ɦɨɠɟ ɞɚ ɫɟ ɜɢɞɢ ɜɨ ɝɨɪɟɧɚɜɟɞɟɧɢɬɟ ɪɟɚɤɰɢɢ, ɦɨɠɟ ɞɚ ɞɨјɞɟ 
ɞɨ ɡɧɚɱɢɬɟɥɟɧ ɩɨɪɚɫɬ ɧɚ ɤɨɧɰɟɧɬɪɚɰɢјɚɬɚ ɧɚ ɪɚɫɬɜɨɪɟɧɢ ɰɜɪɫɬɢ ɦɚɬɟɪɢɢ ɜɨ 
ɬɪɟɬɢɪɚɧɚɬɚ ɜɨɞɚ, ɨɫɨɛɟɧɨ ɫɨ ɯɥɨɪɢɞ. 
Ɍɟɨɪɟɬɫɤɚɬɚ ɭɩɨɬɪɟɛɚ ɧɚ Cl2 ɡɚ ɨɤɫɢɞɢɪɚњɟ ɧɚ ɰɢјɚɧɢɞ ɜɨ ɰɢјɚɧɚɬ ɟ 2.73 g Cl2 
ɩɨ ɝɪɚɦ ɨɤɫɢɞɢɪɚɧ CN, ɧɨ ɜɨ ɩɪɚɤɫɚ ɩɨɬɪɨɲɭɜɚɱɤɚɬɚ ɫɟ ɞɜɢɠɢ ɨɞ ɨɤɨɥɭ 3.0 – 
8.0 g Cl2 ɩɨ ɝɪɚɦ ɨɤɫɢɞɢɪɚɧ CN. Хɥɨɪɨɬ ɲɬɨ ɫɟ ɤɨɪɢɫɬɢ ɜɨ ɩɪɨɰɟɫɨɬ ɦɨɠɟ ɞɚ ɫɟ 
ɨɛɟɡɛɟɞɢ ɤɚɤɨ ɬɟɱɟɧ Cl2 ɢɥɢ ɤɚɤɨ 12.5% ɪɚɫɬɜɨɪ ɧɚ ɧɚɬɪɢɭɦ ɯɢɩɨɯɥɨɪɢɬ 
(NaOCl). ɉɨɬɪɨɲɭɜɚɱɤɚɬɚ ɧɚ ɯɥɨɪ ɡɚ ɨɤɫɢɞɚɰɢјɚ ɧɚ ɚɦɨɧɢјɚɤ ɢ ɬɢɨɰɢјɚɧɚɬ ɦɨɠɟ 
ɞɚ ɫɟ ɩɪɟɫɦɟɬɚ ɨɞ ɝɨɪɟɧɚɜɟɞɟɧɢɬɟ ɪɟɚɤɰɢɢ, ɫɨ ɲɬɨ ɦɨɠɟ ɡɧɚɱɢɬɟɥɧɨ ɞɚ ɫɟ 
ɡɝɨɥɟɦɢ ɩɨɬɪɨɲɭɜɚɱɤɚɬɚ ɧɚ ɯɥɨɪ ɩɨɬɪɟɛɟɧ ɜɨ ɩɪɨɰɟɫɨɬ. ɉɨɤɪɚј ɬɨɚ, ɝɨɪɧɢɬɟ 
ɪɟɚɤɰɢɢ ɝɟɧɟɪɢɪɚɚɬ ɪɚɡɥɢɱɧɢ ɤɨɥɢɱɢɧɢ ɧɚ ɤɢɫɟɥɢɧɚ (H+), ɤɨјɚ ɨɛɢɱɧɨ ɫɟ 
ɧɟɭɬɪɚɥɢɡɢɪɚ ɫɨ ɞɨɞɚɜɚњɟ ɧɚ ɜɚɪ ɢɥɢ ɧɚɬɪɢɭɦ ɯɢɞɪɨɤɫɢɞ ɜɨ ɪɟɚɤɰɢɨɧɢɬɟ 
ɫɚɞɨɜɢ. 
Ɋɟɚɤɰɢјɚɬɚ ɫɟ ɢɡɜɟɞɭɜɚ ɩɪɢ pH ɜɪɟɞɧɨɫɬ ɩɨɝɨɥɟɦɚ ɨɞ 10.0 ɡɚ ɞɚ ɫɟ ɨɫɢɝɭɪɚ 
ɞɟɤɚ ɰɢјɚɧɨɝɟɧ ɯɥɨɪɢɞɨɬ ɰɟɥɨɫɧɨ ќɟ ɯɢɞɪɨɥɢɡɢɪɚ ɜɨ ɰɢјɚɧɚɬ. ɉɪɟɞɧɨɫɬ ɧɚ ɨɜɨј 
ɩɪɨɰɟɫɨɬ ɟ ɬɨɚ ɲɬɨ ɧɟ ɟ ɩɨɬɪɟɛɟɧ ɛɚɤɚɪ ɤɚɤɨ ɤɚɬɚɥɢɡɚɬɨɪ, ɤɚɤɨ ɜɨ ɫɥɭɱɚј ɧɚ 
ɩɪɨɰɟɫɢɬɟ ɧɚ ɫɭɥɮɭɪ ɞɢɨɤɫɢɞ/ɜɨɡɞɭɯ ɢ ɜɨɞɨɪɨɞɟɧ ɩɟɪɨɤɫɢɞ. ɉɨ ɡɚɜɪɲɭɜɚњɟɬɨ 
ɧɚ ɪɟɚɤɰɢјɚɬɚ ɧɚ ɨɤɫɢɞɚɰɢјɚɬɚ ɧɚ ɰɢјɚɧɢɞ, ɦɟɬɚɥɢɬɟ ɤɨɢ ɩɪɟɬɯɨɞɧɨ 
ɩɪɟɬɫɬɚɜɭɜɚɥɟ ɤɨɦɩɥɟɤɫ ɫɨ ɰɢјɚɧɢɞɨɬ (ɤɚɤɨ ɲɬɨ ɫɟ ɛɚɤɚɪ, ɧɢɤɟɥ ɢ ɰɢɧɤ) ɫɟɝɚ ɫɟ 
ɩɪɟɰɢɩɢɬɢɪɚɚɬ ɤɚɤɨ ɫɨɟɞɢɧɟɧɢјɚ ɧɚ ɦɟɬɚɥ-ɯɢɞɪɨɤɫɢɞ. 
ɋɨ ɨɜɨј ɩɪɨɰɟɫ ɫɟ ɩɨɫɬɢɝɧɭɜɚ ɧɢɫɤɚ ɫɨɞɪɠɢɧɚ ɧɚ ɰɢјɚɧɢɞ ɢ ɦɟɬɚɥɢ. Ɉɩɲɬɨ 
ɡɟɦɟɧɨ, ɧɚјɞɨɛɪɚ ɩɪɢɦɟɧɚ ɨɜɨј ɩɪɨɰɟɫ ɢɦɚ ɡɚ ɬɪɟɬɢɪɚњɟ ɧɚ ɦɚɥɢ ɩɪɨɬɨɰɢ ɧɚ 
ɜɨɞɚ ɤɨɢ ɫɨɞɪɠɚɬ ɜɢɫɨɤ ɞɨ ɧɢɡɨɤ ɩɨɱɟɬɟɧ ɩɪɨɰɟɧɬ ɧɚ ɰɢјɚɧɢɞ ɢ ɤɨɝɚ ɟ ɩɨɬɪɟɛɧɨ 
ɧɢɜɨɬɨ ɧɚ ɰɢјɚɧɢɞ ɩɨɫɥɟ ɬɪɟɬɦɚɧɨɬ ɞɚ ɛɢɞɟ ɩɨɦɚɥɤɭ ɨɞ ɨɤɨɥɭ 1 mg/l. ɑɟɫɬɨ 
ɩɚɬɢ, ɬɪɟɬɢɪɚɧɢɬɟ ɪɚɫɬɜɨɪɢ ɫɨ ɨɜɨј ɩɪɨɰɟɫ ɦɨɠɟ ɞɚ ɛɢɞɚɬ ɫɨ ɫɨɨɞɜɟɬɟɧ 
ɤɜɚɥɢɬɟɬ ɡɚ ɞɚ ɫɟ ɞɨɡɜɨɥɢ ɧɢɜɧɨ ɢɫɩɭɲɬɚњɟ. 
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2.5. Ɍɚɥɨɠɟњɟ ɧɚ ɠɟɥɟɡɨ-ɰɢјɚɧɢɞ 
 
ɉɪɨɰɟɫɨɬ ɧɚ ɬɚɥɨɠɟњɟ ɧɚ ɠɟɥɟɡɨ-ɰɢјɚɧɢɞ ɢɦɚ ɫɨɨɞɜɟɬɧɚ ɩɪɢɦɟɧɚ ɜɨ ɫɥɭɱɚɢ 
ɤɨɝɚ ɪɟɚɤɰɢɢɬɟ ɧɚ ɬɚɥɨɠɟњɟ ɦɨɠɟ ɞɚ ɫɟ ɤɨɧɬɪɨɥɢɪɚɚɬ ɢ ɢɫɬɚɥɨɠɟɧɢɬɟ ɰɜɪɫɬɢ 
ɦɚɬɟɪɢɢ ɦɨɠɟ ɞɚ ɫɟ ɨɞɞɟɥɚɬ ɢ ɩɪɚɜɢɥɧɨ ɞɚ ɫɟ ɨɬɫɬɪɚɧɚɬ. ȼɨ ɦɢɧɚɬɨɬɨ, ɨɜɨј 
ɩɪɨɰɟɫ ɛɢɥ ɲɢɪɨɤɨ ɤɨɪɢɫɬɟɧ ɡɚ ɤɨɧɜɟɪɬɢɪɚњɟ ɧɚ ɫɥɨɛɨɞɧɢɬɟ ɢ WAD ɰɢјɚɧɢɞɢ 
ɜɨ ɩɨɦɚɥɤɭ ɬɨɤɫɢɱɧɢ ɫɨɟɞɢɧɟɧɢјɚ ɧɚ ɠɟɥɟɡɨ-ɰɢјɚɧɢɞ, ɧɨ ɧɟɝɨɜɚɬɚ ɫɟɝɚɲɧɚ 
ɩɪɢɦɟɧɚ ɩɪɜɟɧɫɬɜɟɧɨ ɫɟ ɤɨɪɢɫɬɢ ɤɚɤɨ ɧɚɩɪɟɞɟɧ ɬɪɟɬɦɚɧ ɡɚ ɞɚ ɫɟ ɧɚɦɚɥɚɬ 
ɜɤɭɩɧɢɬɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚ ɰɢјɚɧɢɞ ɧɚ ɩɨɦɚɥɤɭ ɨɞ ɨɤɨɥɭ 1 - 5 mg/l.  
ɋɥɨɛɨɞɧɢɨɬ, WAD ɢ ɜɤɭɩɧɨɬ ɰɢјɚɧɢɞ ɪɟɚɝɢɪɚɚɬ ɫɨ ɠɟɥɟɡɨɬɨ ɢ ɮɨɪɦɢɪɚɚɬ 
ɪɚɡɥɢɱɧɢ ɪɚɫɬɜɨɪɥɢɜɢ ɢ ɧɟɪɚɫɬɜɨɪɥɢɜɢ ɫɨɟɞɢɧɟɧɢјɚ, ɩɪɜɟɧɫɬɜɟɧɨ 
ɯɟɤɫɚɰɢɧɚɮɟɪɚɬɪɚɬ (III) (Fe(CN)6-3), ɩɪɭɫɤɨ ɩɥɚɜɨ (Fe4[Fe(CN)6]3) ɢ ɞɪɭɝɢ 
ɧɟɪɚɫɬɜɨɪɥɢɜɢ ɦɟɬɚɥ-ɠɟɥɟɡɨ-ɰɢјɚɧɢɞ (MXFeY(CN)6) ɫɨɟɞɢɧɟɧɢјɚ ɤɚɤɨ ɨɧɢɟ ɫɨ 
ɛɚɤɚɪ ɢɥɢ ɰɢɧɤ [3].                                           (9)                                                  (10) 
ɉɪɨɰɟɫɨɬ ɨɩɬɢɦɚɥɧɨ ɫɟ ɢɡɜɟɞɭɜɚ ɩɪɢ pH ɨɞ ɨɤɨɥɭ 5.0 – 6.0, ɚ ɠɟɥɟɡɨɬɨ ɫɟ 
ɞɨɞɚɜɚ ɤɚɤɨ ɮɟɪɨ ɫɭɥɮɚɬ (FeSO4ɯ7H2O). ɉɨɬɪɨɲɭɜɚɱɤɚɬɚ ɧɚ ɮɟɪɨ ɫɭɥɮɚɬ ɫɟ 
ɞɜɢɠɢ ɨɞ ɨɤɨɥɭ 0.5 – 5.0 mol Fe /mol ɋN- ɡɚɜɢɫɧɨ ɨɞ ɩɨɬɪɟɛɧɨɬɨ ɧɢɜɨ ɧɚ 
ɬɪɟɬɦɚɧ [3,4]. 
 
2.6 ɇɚɩɪɟɞɟɧ ɬɪɟɬɦɚɧ ɫɨ ɚɤɬɢɜɟɧ јɚɝɥɟɧ 
 
Аɤɬɢɜɧɢɨɬ јɚɝɥɟɧ ɢɦɚ ɪɟɥɚɬɢɜɧɨ ɜɢɫɨɤ ɚɮɢɧɢɬɟɬ ɡɚ ɦɧɨɝɭ ɫɨɟɞɢɧɟɧɢјɚ ɧɚ 
ɦɟɬɚɥ-ɰɢјɚɧɢɞ, ɜɤɥɭɱɭɜɚјќɢ ɝɢ ɪɚɫɬɜɨɪɥɢɜɢɬɟ ɰɢјɚɧɢɞɧɢ ɫɨɟɞɢɧɟɧɢјɚ ɧɚ ɛɚɤɚɪ, 
ɠɟɥɟɡɨ, ɧɢɤɟɥ ɢ ɰɢɧɤ. Аɤɬɢɜɧɢɨɬ јɚɝɥɟɧ ɟ ɫɨɨɞɜɟɬɟɧ ɡɚ ɭɩɨɬɪɟɛɚ ɤɚј ɧɚɩɪɟɞɧɢɬɟ 
ɬɪɟɬɦɚɧɢ ɡɚ ɨɬɫɬɪɚɧɭɜɚњɟ ɧɚ ɰɢјɚɧɢɞ ɞɨ ɪɟɥɚɬɢɜɧɨ ɧɢɫɤɨ ɧɢɜɨ. Ɉɜɚ ɟ 
ɟɞɧɨɫɬɚɜɟɧ ɢ ɟɮɟɤɬɢɜɟɧ ɩɪɨɰɟɫ, ɩɨɝɨɞɟɧ ɡɚ ɩɨɫɬɪɨјɤɢ ɤɚɞɟ ɚɤɬɢɜɧɢɨɬ јɚɝɥɟɧ ɫɟ 






3. ɉɊɂɊɈȾɇɈ ɋɅȺȻȿȿЊȿ ɇȺ ɐɂЈȺɇɂȾɈɌ 
 
Ⱦɨɛɪɨ ɟ ɩɨɡɧɚɬɨ ɞɟɤɚ ɪɚɫɬɜɨɪɢɬɟ ɧɚ ɰɢјɚɧɢɞ ɫɦɟɫɬɟɧɢ ɜɨ ɛɚɡɟɧɢ/ɪɟɡɟɪɜɨɚɪɢ 
ɢɥɢ ɧɚ јɚɥɨɜɢɲɬɟ ɩɨɞɥɟɠɚɬ ɧɚ ɪɟɚɤɰɢјɚ ɧɚ ɩɪɢɪɨɞɧɨ ɫɥɚɛɟɟњɟ, ɲɬɨ ɪɟɡɭɥɬɢɪɚ 
ɫɨ ɧɚɦɚɥɭɜɚњɟ ɧɚ ɤɨɧɰɟɧɬɪɚɰɢјɚɬɚ ɧɚ ɰɢјɚɧɢɞ. Ɉɜɢɟ ɪɟɚɤɰɢɢ ɧɚ ɫɥɚɛɟɟњɟ 
ɞɨɦɢɧɢɪɚɚɬ ɩɪɢ ɩɪɢɪɨɞɧɨ ɢɫɩɚɪɭɜɚњɚ ɧɚ ɜɨɞɨɪɨɞɟɧ ɰɢјɚɧɢɞ, ɧɨ ɫɟ јɚɜɭɜɚɚɬ ɢ 
ɞɪɭɝɢ ɪɟɚɤɰɢɢ ɤɚɤɨ ɲɬɨ ɫɟ ɨɤɫɢɞɚɰɢјɚ, ɯɢɞɪɨɥɢɡɚ, ɮɨɬɨɥɢɡɚ ɢ ɬɚɥɨɠɟњɟ. 
ɉɪɢɪɨɞɧɨɬɨ ɫɥɚɛɟɟњɟ ɧɚ ɰɢјɚɧɢɞ ɫɟ јɚɜɭɜɚ ɤɚј ɫɢɬɟ ɪɚɫɬɜɨɪɢ ɧɚ ɰɢјɚɧɢɞ ɤɨɢ 
ɲɬɨ ɫɟ ɢɡɥɨɠɟɧɢ ɧɚ ɚɬɦɨɫɮɟɪɚɬɚ, ɛɟɡ ɪɚɡɥɢɤɚ ɞɚɥɢ ɫɟ ɫɨ ɬɚɚ ɧɚɦɟɧɚ ɢɥɢ ɧɟ. 
Ɋɟɡɟɪɜɨɚɪɢɬɟ ɢɥɢ јɚɥɨɜɢɲɬɚɬɚ ɫɟ ɞɢɡɚјɧɢɪɚɚɬ ɧɚ ɧɟɤɨɥɤɭ ɥɨɤɚɰɢɢ ɡɚ ɞɚ јɚ 
ɡɝɨɥɟɦɚɬ ɛɪɡɢɧɚɬɚ ɧɚ ɫɥɚɛɟɟњɟ ɧɚ ɰɢјɚɧɢɞ. ȼɨ ɧɟɤɨɢ ɫɥɭɱɚɢ ɧɚ ɨɜɨј ɧɚɱɢɧ 
ɬɪɟɬɢɪɚɧɢɬɟ ɜɨɞɢ ɫɟ ɫɨɨɞɜɟɬɧɢ ɢ ɡɚ ɢɫɩɭɲɬɚњɟ. 
Ⱦɜɚ ɩɪɢɫɬɚɩɢ ɫɟ ɪɚɡɜɢɟɧɢ ɡɚ ɞɚ ɫɟ ɩɪɟɞɜɢɞɢ ɛɪɡɢɧɚɬɚ ɧɚ ɫɥɚɛɟɟњɟ ɧɚ 
ɰɢјɚɧɢɞɨɬ ɜɨ ɛɚɡɟɧɢ/ɪɟɡɟɪɜɨɚɪɢ ɢ ɧɚ јɚɥɨɜɢɲɬɟ. ɉɪɜɢɨɬ ɦɟɬɨɞ ɩɨ ɩɪɢɪɨɞɚ ɟ 
ɟɦɩɢɪɢɫɤɢ ɢ ɤɨɪɢɫɬɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɧɨ ɢɡɜɟɞɟɧ ɤɨɟɮɢɰɢɟɧɬ ɧɚ ɛɪɡɢɧɚ ɡɚ ɞɚ јɚ 
ɩɪɨɰɟɧɢ ɛɪɡɢɧɚɬɚ ɧɚ ɫɥɚɛɟɟњɟ ɤɨɪɢɫɬɟјќɢ ɪɚɜɟɧɤɚ ɡɚ ɪɚɫɩɚѓɚњɟ ɨɞ ɩɪɜ ɪɟɞ [5]. 
Ɉɜɨј ɩɪɢɫɬɚɩ ɟ ɪɟɥɚɬɢɜɧɨ ɟɞɧɨɫɬɚɜɟɧ ɡɚ ɩɪɢɦɟɧɚ, ɧɨ ɧɟɝɨɜɚɬɚ ɩɪɢɦɟɧɥɢɜɨɫɬ 
ɧɚ ɞɚɞɟɧɚ ɥɨɤɚɰɢјɚ ɦɨɪɚ ɞɚ ɛɢɞɟ ɩɨɬɜɪɞɟɧɚ ɫɨ ɫɩɪɨɜɟɞɭɜɚњɟ ɬɟɪɟɧɫɤɢ ɬɟɫɬɨɜɢ 
ɢ ɪɟɡɭɥɬɚɬɢɬɟ ɦɨɠɟ ɞɚ ɧɟ ɛɢɞɚɬ ɬɨɱɧɢ ɩɪɢ ɦɟɧɭɜɚњɟ ɧɚ ɜɪɟɦɟɬɨ, ɝɟɨɦɟɬɪɢјɚɬɚ 
ɧɚ ɛɚɡɟɧɢɬɟ/ɪɟɡɟɪɜɨɚɪɢɬɟ/јɚɥɨɜɢɲɬɚɬɚ ɢɥɢ ɧɚ ɯɟɦɢɫɤɢɬɟ ɭɫɥɨɜɢ. 
ȼɬɨɪɢɨɬ ɩɪɢɫɬɚɩ ɡɚ ɦɨɞɟɥɢɪɚњɟ ɧɚ ɩɪɢɪɨɞɧɨɬɨ ɫɥɚɛɟɟњɟ ɧɚ ɰɢјɚɧɢɞ ɛɟɲɟ 
ɪɚɡɜɢɟɧ ɨɞ Botz ɢ Mudder (2000) [6-12]. Ɉɜɨј ɩɪɢɫɬɚɩ ɤɨɪɢɫɬɢ ɞɟɬɚɥɧɢ 
ɩɪɟɫɦɟɬɤɢ ɡɚ ɯɟɦɢɫɤɚɬɚ ɪɚɦɧɨɬɟɠɚ ɢ ɤɢɧɟɬɢɤɚ ɧɚ ɪɚɫɬɜɨɪɨɬ ɡɚ ɞɚ ɫɟ ɩɪɟɞɜɢɞɢ 
ɛɪɡɢɧɚɬɚ ɧɚ ɫɥɚɛɟɟњɟ ɧɚ ɰɢјɚɧɢɞ ɨɞ ɛɚɡɟɧɢɬɟ/ɪɟɡɟɪɜɨɚɪɢɬɟ ɢ јɚɥɨɜɢɲɬɚɬɚ. 
Ɉɜɨј ɩɪɢɫɬɚɩ ɦɨɠɟ ɞɚ ɛɢɞɟ ɜɪɟɦɟɧɫɤɢ ɢɧɬɟɧɡɢɜɟɧ ɞɚ ɫɟ ɩɪɢɦɟɧɢ ɧɚ ɞɚɞɟɧɚ 
ɥɨɤɚɰɢјɚ, ɧɨ ɪɟɡɭɥɬɚɬɢɬɟ ɫɟ ɬɨɱɧɢ ɩɨɞ ɲɢɪɨɤ ɫɩɟɤɬɚɪ ɧɚ ɜɪɟɦɟɧɫɤɢ ɭɫɥɨɜɢ, 
ɝɟɨɦɟɬɪɢјɚɬɚ ɧɚ ɛɚɡɟɧɢɬɟ/ɪɟɡɟɪɜɨɚɪɢɬɟ ɢ јɚɥɨɜɢɲɬɚɬɚ ɢ ɯɟɦɢɫɤɢ ɭɫɥɨɜɢ. 
Кɚɤɨ ɩɪɢɦɟɪ ɡɚ ɤɨɪɢɫɬɟњɟ ɧɚ ɩɪɢɪɨɞɧɨɬɨ ɫɥɚɛɟɟњɟ ɛɢ ɛɢɥ ɨɛјɟɤɬ ɡɚ 
ɢɫɤɨɪɢɫɬɭɜɚњɟ ɧɚ ɰɢјɚɧɢɞ, ɤɚɞɟ ɲɬɨ ɜɨɞɚ ɢɥɢ ɩɭɥɩɚ ɫɨ ɤɨɧɰɟɧɬɪɚɰɢјɚ ɧɚ 
ɰɢјɚɧɢɞ ɨɞ ɨɤɨɥɭ 20 mg/l ɫɟ ɫɬɚɜɚ ɜɨ ɩɨɞɪɟɞɟɧɢ ɛɚɡɟɧɢ/ɪɟɡɟɪɜɨɚɪɢ ɢɥɢ 
јɚɥɨɜɢɲɬɟ. ɉɨɞɪɟɞɟɧɢɬɟ ɛɚɡɟɧɢ/ɪɟɡɟɪɜɨɚɪɢ ɢɥɢ јɚɥɨɜɢɲɬɟ ɬɪɟɛɚ ɞɚ ɛɢɞɚɬ 
ɞɢɡɚјɧɢɪɚɧɢ ɡɚ ɞɚ ɫɟ ɨɜɨɡɦɨɠɢ ɩɪɢɪɨɞɧɨ ɦɚɤɫɢɦɚɥɧɨ ɫɥɚɛɟɟњɟ ɧɚ ɰɢјɚɧɢɞɨɬ 
ɬɚɤɚ ɲɬɨ ɮɢɧɚɥɧɚɬɚ ɤɨɧɰɟɧɬɪɚɰɢјɚ ɧɚ ɰɢјɚɧɢɞ ќɟ ɛɢɞɟ ɩɨɦɚɥɚ ɨɞ ɨɤɨɥɭ 1 mg/l. 
ɉɨɟɞɧɨɫɬɚɜɟɧ ɩɪɟɝɥɟɞ ɤɨј ɦɨɠɟ ɞɚ ɫɟ ɤɨɪɢɫɬɢ ɤɚɤɨ ɤɨɧɰɟɩɬɭɚɥɧɚ ɫɤɪɢɧɢɧɝ 
ɚɥɚɬɤɚ ɩɪɢ ɢɡɛɢɪɚњɟ ɧɚ ɩɪɨɰɟɫɢɬɟ ɡɚ ɨɬɫɬɪɚɧɭɜɚњɟ ɧɚ ɰɢјɚɧɢɞ ɢ 



























SO2/ɜɨɡɞɭɯ √ √ √ √ 
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ɉɨɫɬɨјɚɬ ɩɨɜɟќɟ ɩɪɨɰɟɫɢ ɡɚ ɬɪɟɬɦɚɧ ɧɚ ɰɢјɚɧɢɞ ɤɨɢ ɭɫɩɟɲɧɨ ɫɟ ɤɨɪɢɫɬɚɬ ɜɨ 
ɰɟɥɢɨɬ ɫɜɟɬ ɡɚ ɨɬɫɬɪɚɧɭɜɚњɟ ɧɚ ɰɢјɚɧɢɞɨɬ ɨɞ ɪɭɞɚɪɫɤɢɬɟ ɨɩɟɪɚɰɢɢ. Зɚ 
ɭɫɩɟɲɧɚ ɢɦɩɥɟɦɟɧɬɚɰɢјɚ ɧɚ ɨɜɢɟ ɩɪɨɰɟɫɢ ɩɨɬɪɟɛɧɨ ɟ ɜɨɞɚɬɚ ɢ ɰɢјɚɧɢɞɨɬ ɞɚ ɫɟ 
ɩɪɢɥɚɝɨɞɭɜɚɚɬ ɫɩɨɪɟɞ ɩɪɨɫɟɱɧɢɬɟ ɢ ɟɤɫɬɪɟɦɧɢɬɟ ɤɥɢɦɚɬɫɤɢ ɭɫɥɨɜɢ, ɩɪɨɰɟɫɢɬɟ 
ɞɚ ɫɟ ɤɨɪɢɫɬɚɬ ɢɧɞɢɜɢɞɭɚɥɧɨ ɢɥɢ ɜɨ ɤɨɦɛɢɧɚɰɢјɚ ɢ ɞɚ ɫɟ ɜɪɲɢ ɢɫɩɢɬɭɜɚњɟ, 
ɩɪɨɟɤɬɢɪɚњɟ, ɢɡɝɪɚɞɛɚ, ɨɞɪɠɭɜɚњɟ ɢ ɦɨɧɢɬɨɪɢɧɝ ɧɚ ɤɚɩɚɰɢɬɟɬɢɬɟ ɡɚ 
ɭɩɪɚɜɭɜɚњɟ ɫɨ ɜɨɞɢ ɢ ɰɢјɚɧɢɞ. 
ɋɨ ɜɧɢɦɚɬɟɥɧɨ ɪɚɡɝɥɟɞɭɜɚњɟ ɧɚ ɨɜɢɟ ɚɫɩɟɤɬɢ ɡɚ ɭɩɪɚɜɭɜɚњɟ ɫɨ ɜɨɞɚɬɚ ɢ 
ɰɢјɚɧɢɞ ɩɪɟɞ, ɡɚ ɜɪɟɦɟ ɢ ɩɨɫɥɟ ɪɭɞɚɪɫɤɢɬɟ ɪɚɛɨɬɢ, ɦɨɠɟ ɞɚ ɫɟ ɧɚɦɚɥɢ 
ɩɨɬɟɧɰɢјɚɥɧɨɬɨ ɜɥɢјɚɧɢɟ ɜɪɡ ɠɢɜɨɬɧɚɬɚ ɫɪɟɞɢɧɚ ɩɨɜɪɡɚɧɨ ɫɨ ɭɩɨɬɪɟɛɚɬɚ ɧɚ 
ɰɢјɚɧɢɞ, ɬɢɨɰɢјɚɧɚɬ, ɚɦɨɧɢјɚɤ ɢ ɧɢɬɪɚɬ. ɋɟɤɨɟ ɨɞ ɨɜɢɟ ɫɨɟɞɢɧɟɧɢјɚ ɧɚ ɰɢјɚɧɢɞ 
ɬɪɟɛɚ ɪɚɡɥɢɱɧɨ ɞɚ ɫɟ ɬɪɟɬɢɪɚ ɢ ɞɚ ɫɟ ɡɟɦɟ ɜɨ ɩɪɟɞɜɢɞ ɩɪɢ ɟɜɚɥɭɚɰɢјɚ ɧɚ 
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